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SI CONVERSION UNITS 



In view of the present accepted practice for building technology in this country, common U.S. unite of 
in o asur o m entshavo boon used throughout this pubBcotion.Inroc ognition ofthepoBitionoftheUnitod8Utoo 
•s • signatory to the General Conference on Weights end Measures, which gave official status to the 
International System of Units (SI) in I960, the table below is fweesnted to faeOitete conversion to SI Unite. 
Readers interested in making further use of the coherent system of SI unite am referred to: NBSSP 330, 1972 
Edition, Tno International System of Units; end ASTM E380-76, Standard for Metric Practice. For conver- 
sion of foraulM used fa reinforced concrete dosi^ 

TabU ofConvtniim Fmeton to SI Unit* 

To Convert From To Multiply By 

inch (in) meter (m) 2.64* X MT* 

fa* m* 6.4516* X 10 -4 

fa* m* 1.6387 X 10~* 

in 4 m 4 4.1628 X 10~ 7 

foot (ft) meter 8.048* X 10 -1 

pound-force OW newton(N) 4.4482 

lbf-ft Nm 1.3558 

lbf/ft N/m 1.4594 X 10 

lbf-fa Nm 1.1298 X 10" 1 

Ibffin N/m 1.7513 X 10 s 

uffa'foei) pascal (Pa) 6.8948 X 10 s 
•Exact value; others are rounded to five digits. 
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CHAPTBU 
GENERAL 



1-1. Purpose and scope, a Purpose. This man- 
ual preecribee criteria and furnishee guidance for 
deaign of buildings, some structures other than 
buildings, mechanical and ele ctrical equipment sup- 
ports, and utility systems in areas subject to 
Ammmgtng earthquakes. Theee criteria apply to all 
elements responsible for design of military con- 
struction located in seismic regions. In overseas 
construction, where local materials of gradee other 
than thoee herein are used, the working str esses, 
grades, and other requirements of this manual will 
be modified as applicable. 

b. Scope. This manual is for guidance in the de- 
aign of buildings and other structures that are gen- 
erally regular in shape, sise, and concept. Buildings 
and other structures thet are highly irregular will 
require analysis thet rely on greater application of 
engineering judgment and experience in seismic de- 
sign. Dynamic analysis requirements and altera- 
tions or evaluations of existing structures are not 
covered in this manual. 

e. Design Criteria. Preparation of seismic design 
will be in accordance with the criteria and design 
standards herein. Criteria and deaign standards 
covered in the agency manuals for ordinary or non- 
tt>«ii^ design are applicable to seismic dssign ex- 
cept where overriding criteria are contained herein. 
Th* seismic design and detail requirements herein 
are from the provisions of the "Recommended Lat- 
eral Force Re quir ements and Commentary," 1975 
edition, of the Structural Engineers Association of 
California, 171 Second Street, San Francisco, CA 
94106, except as modified herein. 

1-2. Organization of manual. Tlie general pro- 
viskms for seismic dssign are covered by chapters 2, 
8, and 4. Chapter 2 providee an introduction to the 
basic concepts of seismic dssign; chapter 3 contains 
the seismic design provisions; and chapter 4 pro- 
vides a guide to the implementation of the seismic 
dssign provisions. Chapters 5 through 8 are con- 
cerned with seismic design in relation to structural 
materials, elements, and components. Chapters 9 
and 10 cover seismic provisions for nonstructural 
components such as architectural, mechanical, and 
electa leal elements. Chapter 11 covers structures 
other than buildings, and chapter 12 givee some 
guidelinee for designing for the effects of earth- 
quakee on utility systems. Tlie appendkee provide 



1-3. Preparation of 
a Design Analysis. A design analysis *n«*nwii n g 
to agency standards will be provided with final 
plana. Thia design analysis will include ssismic de- 
sign computations for the strsssss in the lateral 
force resisting eleme nts and their conn ections, and 
for the resulting lateral deflections and interstory 
drilU,(ATo^InZonel,ifwindk)adscontKathed^ 
sign, a complete seismic analysis is not required; 
however, the seismic detailing r e quir ements will be 
provided as specified.) The first portion of the De- 
sign Analysis, called the Basis of Dssign, will con- 
tain the following specific information: 

(1) A statement of the seismic sons for which 
the structure will be designed. 

(2) A deoc ri ptfcm of the structural system se» 
lected for resisting lateral forcee and discussion of 
the reasons for its sele ct ion. If setbacks are in- 
volved, the application of setback design provisions 
will be established 

(8) A statement regarding compliance with this 
manual and the selected vahiea of "K", "C", "S", 
•T\and"Z". 

(4) Any possible assumed future expansion for 
which provisions are made. 

6. Drawings. Preparation of drawings will con- 
form to sgency standards for ordinary construction 
with the following additional specific requirements 
for ssismic construction. 

(1) Preliminary drawings will contain a state- 
ment thet seismic dssign will be incorporated. The 
Basis of Deeign submitted with theee drawings will 
give full information concerning the seismic loads 
that will be used, and the assumptions that will be 
made in carrying out the seismic dssign. 

(2) Construction drawings for seismic areas will 
include the following additional special information: 

(at A statement of the Seismic Zone and the 
"K", "C", "S", *T\ and "Z" values will be added to 
the tabulation of deaign loads. 

(b) A list of the portions of the structure for 
which design was controlled by wind load will be 
placed immediately below the stat em enta concern- 
ing ssismic dssign. 

fcf Details of construction will be similar or 
equal to the typkdsdsmicdstails shown in the var- 
ious sections of this manuaL 

(d) Assumptions made for future extensions 
or additions. 

(8) Site adaptation of standard drawings will in- 
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dad* design revisions for the seismic sree es re* 

QUAIWL 

a Specification*. Project specifications will be 
prepared in accordance with agency standards and 
practkee for ordinary construction except that ap- 
plicable seianiic guide apecificatioiia or einiplenMnta 
will be need as appropriate. 

& Cost B$timat*s. Ttm special provisions re- 
quired for seismic design generally result in an in- 
creaee in construction coats of 1 percent to 6 per- 
cent The amount of thie increaeod coot depend* on 
the overall concept and configuration of the building 
system and the geogr ap hical location of the building 
In aomecasss, a smaU amount of additional re- 



seismic design provisions. However, in other caess, 
where the basic concept or configuration of the 
building doee not provide an efficient system of lat- 
eral force reeistance, the additional coats to provids 
seismic force reeistance can be ap pr eciab l e In goo* 
sranhical locations where the local cons tru ction in- 
dustry is not experienced with the special details of 
seismic reeistant construction* the differential coote 
for seismic design will generally be greater than for 
thoss areas, such ae California, where seismic dssfgn 
construction is in general use. For example, the 
p re mium for seismic construction will be higher for 
nhtforcod masonry, duetik reinforced concrete 
, and ductik structural eteel framee in i 



infordng bars, a n ch o r s , etiffoner platoo, or weld i 
terial may be all that is required to provide for the 
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CHAPTER 2 
INTRODUCTION TO SEISMIC DESIGN 



2-1. Purpos* and scop*. This chapter provides 
an introduction to the basic concepts of designing 
buildings to resist inertia forces and related effects 
caused by earthquakes General guidance is given 
for the selection and use of proper structural sys- 



2-2. General. An earthquake ca u s a e vibratory 
ground motions at the bass of a structure and the 
structure actively rssponds to theee fnotionffT 
Seismic deeign involvee two distinct step* deter- 
mining (or estimating) the forces that win act on the 
structure and designing the structure to resist theee 
f pfflfl f and to keep de fl ections within pr e ec ri b ed 11m 
its. Other hazards, related to site location, aredis- 



& Z)steniiifiatioiio/Fon^t.lliere are two general 
amvoachas to determining aaismic forcss: aneouiv- 
alent static force procedure and a dynamic analysis 
p roced ur e. This manual flhistratee the equivalent 
static force procedure. Dynamic analysis procedures 
are not within the ecope of this manual, but aome 
Mm***** too of structural dy namics is indudsd in this 
chapter in order to explain the rationale of the equiv- 
alent static fores p roce dur e that is used in this 



6. D*$ign of th* Structure Th* development of an 
adequate earthquake-resistant design for a struc- 
ture indudee the following: (1) selecting a workable 
overall structural concept, (2) establishing member 
sisss, (8) p erfor m ing a structural analysis of the 
mem b er s to verify that streee and displ ac e m ent re- 
q nir eme n te are satisfied, and (4) providing struc- 
tural and nonstructural dstafla so that the building 
can perform as intsndsd. Tlie structural designer 
must visualise the response of the structure to 
earthquake ground motions and provide a deeign 
that will a ccom m o date the distortions and i 
which will occur in the building. In certain 
some elemente cannot a ccom m o date theee 
and distortions. Blsmsnts such as rigid stairs, rigid 
partitions, and irregular wings can be isolated in or- 
der to reduce the detrimental effects to the lateral 



2-9. Ground motion. The reeponee of a given 
bnffldlng depends on the characteristics of the 
ground motion; therefore, it would be highly deeir- 
able to have a quantitative deecriptkm of the ground 
motion that might occur at the site of the building 



during a major earthquake. Unfortunately, there is 
no one description that fiU aU the ground motions 
that might occur at any particular sits. Tlie charac- 
teristics of the ground motion are depe n den t on the 
magnitude of the earthquake (i.e., energy releaeed), 
distance from the source of the earthquake (depth as 
well as horizontal distance), distance from the sur- 
face faulting (this may or may not be the same as 
the horizontal distance from the source), the nature 
of the geological formations between the source of 
the earthquake and the building, and the nature of 
the soil in the vicinity of the building sits (e*., hard 
rode or alluvium). Although the fully accurate pre- 
diction of ground motion is not possible, the art of 
ground motion prediction has progrssssd in recent 
yeare audi that design criteria have been eetab- 
Ushed in areas where historical earthquake records 
and geological information are available. 
2-4. Structural rosponso. If the bass of a 
structure is suddenly moved, as in the case of eeis- 
mic ground motion, the upper part of the structure 
will not respond instantaneously but will lag be- 
cause of iMrtial reeistance and the flexibility of the 
structure. This concept is illustrated in figuree 2-1, 
2-2, and 2-8 by showing the motion in one plana. 
Tlie strossss and distortions in the building are the 
earns as If the baee of the structure were to remain 
stationary while time-varying horizontal forcee are 
applied to the upper part of the building. Theee 
foroee, called inertia forcee, are equal to the product 
of the mass of the structure timee acceler a tion, or 
P ■ ma (mass is equal to weight divided by the 
acceler a tion of gravity). Because the ground motion 
at a point on the earth's surface is three dimensional 
(one vertical and two horizontal components), the 
etructuree affected will deform in a three-dimen- 
sional manner. Generally, however, the inertia 
forcee generated by the horizontal components of 
ground motion required the greater consideration 
for seismic dssign since adequate reeistance to 
vertical ssismic loads is usually provided by the 
member capadtiee required for gravity load design. 
For ordinary structuree within the ecope of this 
manual the inertia foroee are represented by 
equivalent static forcee. However, buildings can be 
idealised by the use of simplified models that 
r ep r eee nt the dynamic characteristics of the 
structure. For special etructuree the 
models are subjected to time-history, 
spectrum, or other dynamic analyeee, and tha re- 
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•alto a* need to determine the forces in the 
baildiiig. 

2-5. Behavior off buildings. Buildings ere com- 
posed of vertical and horizontal structural elements 
which resist lateral forces. The vertical elements 
that are used to transfer lateral forces to the ground 
are: (1) shear wade, (2) braced frames, and (3) 
moment-resisting frames. Horizontal elements that 
are used to distribute lateral forces to vertical 
elements are: (1) diaphragms and (2) horizontal 
bracing. Horizontal forces produced by seismic 
motion are directly proportional to the massss of 
building elements and are considered to act at the 
centroid of the mass of thsse elements. All of the 
inertia forcee originating from the massss on and of 
the structure must be transmitted to the lateral 
forcs -r eeisting e le ment s, to the base of the structure 
and into the ground. The path of theee forcee ie 
discussed in chapter 4, paragraph 4-4d 

a Demands of Earthquake Motion. Hie loads or 
forcee which a structure sustains during an earth- 
quake result directly from the distortions induced in 
the structure by the motion of the ground on which 
it reete. Bass motion is characterized by displace- 
ments, velocities, and accelerations which are 
erratic in direction, magnitude, duration, and se- 
quence. Earthquake loads are inertia forces related 
to the mass, stiffness, and energy absorbing (e.g. ( 
^mp*n g and ductility) characteristics of the struc- 
ture. During the life of a structure located in a 
ssismicaDy active zone, it is generally expected that 
the structure will be subjected to many small earth- 
quakes some moderate earthquakes, one or more 
large earthquakes, and possibly a very severe earth- 
quake. In general, it is uneconomical or impractical 
to design buildings to resist the forces resulting 
from the maximum credible earthquake within the 
elastic range of streee. If the earthquake motion ie 
severe, moet structures will experience yielding in 
some of their elements. The energy-absorption ca- 
pacity of the yielding structure will limit the 
damage so that buildings that are properly desi g ned 
and detailed can survive earthquake forcee which 
are substantially greater than the design forcee that 
are associated with allowable stresses in the elastic 
range. Seismic deeign concepts must consider 
building proportions and details for their ductility 
(capacity to yield) and reeerve energy -absorption ca- 
pacity for surviving the inelastic deformations that 
would result from a m a ximum expected ea r thquak e . 
Special attention must be given to connections that 
hold tha lateral force-resisting slsmsnts together. 

6. Response of Buildings. A building ie analyzed 
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for its response to ground motion by represent lug 
the structural propertiee in an idealized mathemati- 
cal model ae an assembly of massss interconnected 
by springs and dampers. The tributary weight to 
each floor level ie lumped into a single mass, and the 
force-deformation characteristics of the lateral 
force - resisting walls or framss between floor levels 
are transformed into equivalent story stiffnessee. 
Because of the complexity of the calculations for 
methods of dynamic analysis, the use of a computer 
program ie generally neceeeary; theee complex 
methods of analysis are generally used for critical 
structures. However, moet buildings srs designed 
by the equivalent static fores procedure preecribed 
in this manual. 

c Response of Elements Attached to the Build- 
ing. Elements attachsd to the floors of the building 
(e.g., mechanical equipment, ornamentation, piping, 
nonstructural partitions) respond to floor motion in 
much the same manner that the building respoods 
to ground motion. However, the floor motion may 
vary substantially from the ground motion. The 
high frequency components of the ground motion 
tend to be filtered out at the higher levels in the 
building while the components of ground motion 
that correspond to the natural periods of vibrations 
of the building tend to be magnified Iftheelemente 
are rigid and are rigidly attached to the structure, 
the forces on the elements will be in the same pro- 
portion to the mass as the forcee on the structure. 
But* elements that are flexible and have periods of 
vibration doss to any of the predominant modee of 
the building vibration will experience forcee in a 
proportion substantially greater than the forcee on 
the structure. For further discussion, refer to chap- 
ter 10. 

2-6. Nature of salsmlc codas. Codee end 
criteria are established from the performance of 
buildings in past earthquakee. A code repreesnts ths 
consensus of a committee. Consnsus means ele- 
ment of compromise and generalized statemsnts to 
cover uncertaintiee and limitations. Codee must of 
necessity be short and relatively simple; therefore, 
they do not account for all aspects of ths complex 
phenomena of the response of actual structures to 
actual earthquakee. Seismic deeign codes provide a 
est of deeign static forcee to re prese n t the dynamic 
reeponse of a structure subject to a complex earth- 
quake ground motion. 

a. Purpose. The basic purpose of a building code 
is to provide for public safety. The ssiamic provi- 
sions of this manual (chap 3) are based on the fourth 
edition of "Recommended Lateral Force and Corn- 
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mentary" of the Seismology Committee of the 
Structural Engineers Association of California 



(SEAOC). Hie introduction to the Commentary of 
that publication is reprinted below:* 



"The SEAOC Recommendation* are intended to provide criteria to fulfill life safety concepte. 
It is emphasised that the recommended design levels are not directly comparable to recorded or 
estimated peak ground accelerations from earthcjuakee. They are however, related to the effec- 
tive peak accelerations to be expected in seismic events. More sp e cifica lly with regard to earth- 
quakes, structuree designed in conformance with the provisions and principles set forth therein 
should, in general, be able to: 

1. Resist minor earthquakes without damage; 

2. Resist moderate earthquakes without structural damage but with some nonstructural 



3. Resist major eaithquakea, of the intensity of severity of the 
California, without couapee, but with some structural as well 

In moot structuree it is expected that structural danms^ even m e msjor eeithiioeke, could be 
limited to repairable damage. This, however, depende upon a number of factors, includ i ng the 
type of construction s ele ct ed for the structure. 

"Conformance to the Recommendations does not constitute any kind of guarantee that aignHI* 
cant structural damage would not occur in the event of a maximum intensity earthquake, While 
damage in the basic materiels now qualified may be negligible or significant, repairable or virtu- 
ally irrepairaMe. it to roaoonaolo to ojq^ tto 
jor earthquake. The protection of life is leesonably provided, but not with complete i 



'Itistobeunderetoodthatdaniagetotocartho 
age, Alaska, or due to earth consolidation such as oc cun od in Niigata, Japan, would not be pre- 
vented by conformance with theee Recommendations. The SEAOC Re commen dations have been 
prepared to provide minimum required resistance to typicsJ eejthqnsks gjonnd shskmg. without 
eettlement, sbdes. subsidence, or faulting m the immedmto vicinity c^ the etnicture. 

"Where prescribed wind loading governs the street or drift design, the resisting system must 
still conform to the ductility, derfgn and special requiremente for seismic systems. This is re- 
quired in order to resist in a ductile manner potential eeisnikloedins^mexceeSof thepreecribed 



6. Equivalent Static Force. The assumed equiva- 
lent total lateral force, equal to the base shear, is 
determined by the formula V « ZIKCSW (see chap 
3 and 4 for seismic provisions). This approach at- 
tempts to recognize the available recorded expe- 
rience and to some degree the qualitative dynamic 
analysis of simplified structures. 

(1) The seismicity factor Z relates to severity of 
the ground motion at the site of the structure. 

(2) The factor I represents the importance of 
the structure and is used to categorise tha risk 
of damage to types of facilities. 

(3) Thb factor K relates to the ductility and en- 
ergy abeorptfam qualities of certain types of struc- 
tural framing systems, which historically have 
shown characteristic degrees of earthquake reeiat- 



(4) Tlie product CS may be considered to be pro- 
portional to a response spectrum; however, it is 
appBfaMe to base shear co efficients rather than 
spectral accelerations. The factor C accounts for the 
structural response as a function of the natural pe- 
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riod and stiffness of structures. The coefficient S 
accounts for the variability of site conditions. Al- 
though CS is a function of the fundamental period of 
vibration, it is intended to represent the combined 
effects of all vibrational modes of the building. 

(5) Wis the weight of the structure. 

(6) The total force V is distributed vertically 
along tha height of a structure according to formu- 
las that approximate the fundamental mode of 
vibration, with adjustments to approximate the ef- 
facts of other participating modes of vibration. 

c Design Provisions. The seismic deeign provi- 
sions furnish a method for establishing the forces, 
describe acceptable basic systems, set limits on de- 
formation, and specify the allowable stissses and/or 
strengths of the materials. The seismic deeign provi- 
sions are minimum r eq uir ements, and emphasis 
must be placed on structural concepts and H^^nfaij 
techniquee as well as on str ess calculations. The 
provisions are not alMndusive cook they work beet 
for regular, symmetrical buildings, For unusual or 
large buildings, alternativee to tha static provisions 
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that rely on dynamic analyses and/or greater appli- 
cation of engineering judgment and experience in 
seismic deeign are required 

2-7. Location off sWo. Site planning must con- 
sider geological, foun d a t ion, and tsunami (sea- 
wave) hasards as well as seismidty . Structures shall 
not he sited over active geologic faults, in areas of 
instability subject to landslidee, where soil liquefac- 
tion is likely to occur, or in areas subject to tsunami 
damage. 

a. Seismic Zones. The probability of the severity, 
frequency, and potential damage from ground 
shaking variee in different geographic regions. Re- 
gions with similar haaard factors are identified ae 
seismic aonee. The seismic aonee preecribed by this 
manual are given in chapter 3, Design Criteria. 

6. Fault Zones. Damage which is directly or indi- 
rectly caused by ground distortions or rupturee 
along a fault cannot be eliminated by deeign and 
construction practices; therefore, site planning must 
avoid theee particularly hazardous locations. 

c Other Hazards. There are other hasards asso- 
ciated with earthquakes that should be considered. 
Theee include subsidence and settlement due to con- 
solidation or compaction, landslides, and lique- 
faction. Liquefaction is a common occurrence in 
relatively loose cohesionleee sands and silts with a 
high water table. The earthquake motions can 
transform the soil into a liquefied state as a conse- 
quence of the increase in pore pr es su re. This can 
result in a loss of strength in bearing capacity of the 
soil supporting a building, causing considerable 
settling and tilting. Also, this loss of strength can 
occur in the subsurface layer, causing lateral 
movement of surfidal soil massee of several feet, ac- 
companied by ground cracks and differential 
vertical displacements. Theee movements have sev- 
ered pipelinee and damaged bridgee and buildings. 
There are several waye to stabilise the ground such 
as providing drainage wells, pressure grouting, or 
removing the liquefiable rone, but often the 
susceptible area is too extensive for an economical 
solution. The exposure to theee hasards variee with 
the geography, geology, and soil conditions of the 
site, and the type of structure to be constructed. The 
pr o f ess i o na l judgment of geologists, soils engineers, 
and structural engineers shall be used to establish 
reasonable standards of safety. 

d Tsunami Protection. Each region along the Pa- 
cific Coast must be separately and carefully in- 
vestigated for its tsunami-generation characteris- 
tics. Particular coastlines* inlets, and bays of the 
Pacific Ocean boundary are resonators of tsunami 
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wavee and may amplify the effects to large 
proportions. Assuming that tsunami warning ssrv 
icee can ensure the safety of human life, there is ae 
yet no hard-and-fast rule for establishing safety and 
economic standards. Where feasible, power plante, 
oil storage tanks, and other strategic fadlitiee 
should be located on high ground, out of reach of 
high water. The method o logy for predicting wave 
run-up is published in U.S. Army Engineers Water- 
way Experimental Station Technical Reports 
H-74-3, H-75-17, and H-77-18. 

2-t. Soloctlon off tho structural system. It is 

of the utmoet importance to make sure that the de- 
sign efforts get off to a good start. Thus, it is 
eeeentisl that careful professional scrutiny be given 
to the deeign at its inception as well as at all signifi- 
cant stagee of design development. The proper 
approach to be applied in the eele ct io n of a struc- 
tural system that will achieve a reliable earthquake- 
resistant building must be baaed on performance 
criteria, alternative solutions, and correeponding 
costs. 

a. Objective. The objective is to produce the 
structural system that is the moet economical 
without compromising function, quality, or reliabil- 
ity. Final selection of materials and systems will be 
made with due consideration given to the cost of 
construction, architectural requirements, fire and 
other safety hazards, and maintenance and operat- 
ing costs over the life of the facility. It is eeeential 
that the moet efficient systems, methods, and mate- 
rials be employed. 

6. Economic Aspects. Usually, the major struc- 
tural-architectural components of a building that 
have the greateet effect on the cost of construction 
are exterior walls, partitions, floor and roof decks, 
and the structural framing system. In some in- 
stances, the type of foun d a t ion may be a major 
factor in a cost study. Skillful planning, simple 
detailing, and arrangement of spacee to be compati- 
ble with repetitive modular construction all con- 
tribute greatly to reducing total building coste. On 
tha other hand, tha uee of exotic or unconventional 
methods of construction may incroaae the coste and 
reduce the reliability of earthquake-rccistance per- 
formance. 

c Planning Concept*. Participation of all died- 
plinee of the deeign team in the conceptual planning 
and selection of basic construction materials will en- 
sure the optimal deeign at lowest construction cost 
and minimise the total deeign effort Proceduree in 
the approach to develop a concept wfll vary depend- 
ing upon the type of facility aid the individuals on 
the design team 
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2-9. T*chnlqu*s pf seismic design. For grav- 
ity loads, it has been a long-standing practice to 
design for strength and deflections within the elas- 
tic limite of the members. However, to control 
design within elastic behavior for the maximum ex- 
pected horizontal seismic forces is impractical in 
high-seismidty areas (refer to para 2-5a). Hence, de- 
signers must resort to other techniques to achieve 
acceptable building performance (refer to chap 4, 
Design Procedures). A number of features contribut- 
ing to seismic resistance are discussed below. 

a Layout A great deal of a building's resistance 
to lateral forces is determined by its plan layout. 
The objective in this regard is symmetry about both 
not only of the building itself but of the ar- 
of wall openings, columns, shear walls, 
etc It is most desirable to consider the effect of 
lateral forces on the structural system from the 
start of the layout since this may save considerable 
time and money without detracting significantly 
from the usefulness or appearance of the building. 

6. Structural Symmetry. Experience has shown 
that buildings which are unsymmetrical in plan 
have greater susceptibility to earthquake damage 
than symmetrical structures. Hie effect of asym- 
metry will induce torsional oscillations of the 
structure and strees concentrations at re-entrant 
corners. Asymmetry in plan can be eliminated or 
improved by separating L-, T-, and U-shaped build- 
ings into distinct units by use of seismic joints at 
junctions of the individual wings. Asymmetry 
caused by the eccentric location of lateral force- 
resisting structural elemente, e.g., a building that 
has a flexible front because of large openings and an 
essentially stiff (solid) rear wall, can usually be 
avoided by better conceptual planning, e.g., by mod- 
ifying the stiffness of the rear wall, or adding rigid 
structural partitions to make the center of rigidity 
of the lateral force-resisting dements doee to the 
center of i 



c lingular Building* Geometric configuration, 
type of structural members, details of connections, 
aid materials of construction all have a profound 
effect on the structural-dynamic ree^bnee of a 
building. When a building has irregular featuree, 
such as asymmetry in plan or vertical discontinuity, 
the assumptions used in developing seismic criteria 
for buildings with regular features may not apply. 
Hierefbre, it is beet to avoid creating buildings with 
irregular featuree. For example, planners often omit 
partitions and exterior walls in the first story of a 
buikling to permit an open ground floor. This lea vee 
the columns at the ground level ae the only elements 
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available to resist lateral forcee, thus causing an 
abrupt change in rigiditiee at that level This condi- 
tion is undesirable. It is advisable to carry all shear 
walls down to the foundation. When irregular 
featuree are unavoidable, special design consider*- 
tkrns are required to account for the unusual dy- 
namic characteristics (chap 4, para 4-4a(4)) and the 
load transfer and stre es concentrations that occur at 
abrupt changee in structural resistance. 

d. Lateral Force-Resisting Systems. There are 
several approved systems for the resistance of lat- 
eral forces (chap 3, table 3-3 and para 3-6; and chap 
4, para 4-3c). All of the systems rely basically on a 
complete, three-dimensional space frame; a coordi- 
nated system of shear walls or braced framee with 
horizontal diaphragms; or a combination of the two 
systems. 

(1) In buildings where a space frame resists the 
earthquake forces, the columns and beams act in 
bending (fig 2-4a). During a large earthquake, story- 
to-etory deflection (story drift) may be a measure of 
inches without causing failure of columns or beams. 
However, the drift may be sufficient to damage 
elements that are rigidly tied to the structural sys- 
tem such as brittle partitions, stairways, plumbing, 
exterior walls, and other elements that extend be- 
tween floors (para 2-9i). There fo re, buildings can 
have substantial interior and exterior nonstructural 
damage, possibly approaching 50 percent of the 
total building value, and still be considered ae struc- 
turally safe. While there are excellent theoretical 
and economic reasons for resisting seismic forcee by 
frame action, for particular buildings this system 
may be a poor economic risk unless special damage 
control measures are taken (para 2-9*). 

(2) A shear wall (or braced frame) building is 
normally rigid compared with a framed structure. 
With low design strees limits in shear walls, deflec- 
tion due to shear forces (for low buildings) is 
negligible. Shear wall construction is an excellent 
method of bracing buildings to limit damage, and 
this type of construction is normally economically 
feasible up to about eight storiee. Shear walls are 
usually of reinforced unit masonry, reinforced con- 
crete (fig 2-46), or steel X-bracing (fig 2-4c) but may 
be of wood in wood-frame buildings up to and in- 
cluding three storiee. The shear wall concept for 
earthquake-resistant design of low buildings is quite 
valid. Its effectivenees depends primarily on the 
connections between the structural elements. Nota- 
ble exceptions to the exce ll e nt perf or m ance of o he a r 
walls occur when the height-to-width ratio be c o m es 
great enough to make overturning a problem and 
when there are excessive openings in the 
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walls. Also, if the Mil beneath its footings are rela- 
tively soft, the entity shear wall may rotate, causing 
localised damage around the wall 

(3) Either of the above structural systems may 
be used in combination with a wids variety of floor, 
roof, wall, and partition components. When frames 
and shear walls are combined, the system is called a 
dual bracing system. The type of structural system 
used, with specified details concerning the ductility 
and energy-absorbing capacity of its components, 
will establish the minimum K-value to be used for 
calculating the total base shear and to distributs the 
lateral seismic forces. The decision aa to the type of 
structural system to be used shall be based on the 
merits andrelative costs for the individual building 
being designed. 

(4) Tlie design engineer must be aware that a 
building does not merely consist of a summation of 
parts such as walls, columns, trusses, and similar 
components but is a completely integrated system 
or unit which has its own properties with respect to 
lateral force response. The designer must follow the 
forces through the structure into the ground and 
make sure that every connection along the path of 
stress is adequate to maintain the integrity of the 
system. It is necessary to visualize the response of 
the complete structure and to keep in mind that the 
real forces involved: are not static but dynamic; are 
usually erratically cyclic and repetitive; and can 
cause deformations well beyond thoee determined 
from the elastic design. Seismic forces are assumed 
to come from any horizontal direction and must be 
combined with gravity loads. 

e. Diaphragms. Floor and roof systems are gener- 
ally used as diaphragms. It is customary to design 
the floor and roof (e.g., concrete slab, wood 
sheathing, metal decking) as the web of a horizontal 
beam and to provide for the flange streeses of the 
beam with structural elements concentrated at the 
edge of the floor system (e.g., edge beams or special 
reinforcement in concrete slabs, continuous beams 
in wood and metal deck sytems). Too frequently, it 
is forgotten that these flanges must be made contin- 
uous or be adequately spliced. Horizontal truss 
systems may also be used as diaphragms (refer to 
chap 5, Diaphragms). 

/. Shear Walls. The shear wall is designed as a 
vertical beam. To resist tensile stress due to bend- 
ing moments, structural elements are concentrated 
at the vertical edges of walls in a manner similar to 
that deecribed above for diaphragms. These bound- 
ary elements must be anchored into a foundation 
which is capable of transferring the forces into the 
ground (refer to chap 6, Walls). 
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g. Connections. Past performance of buildings in 
earthquakes has shown that connections between 
floor and roof diaphragms and the shear walls are 
vulnerable to failure because of high stress concen- 
trations. In order to develop the reserve capacity of 
the structural elements, the design forces for 
connections between lateral force-resisting elements 
are required to be greater than the design forces for 
the elements themselves (e.g., chap 3, para 3-3(J)lg; 
34 b, and d; and chap 4, para 4-6). 

h. Ductility. Ductility is the capacity of building 
materials, systems, or structures to absorb energy 
by deforming in the inelastic range. The capability 
of a structure to abeorb energy, with acceptable de- 
formations and without failure, is a very desirable 
characteristic in any earthquake-resistant design. 
Structural steel (and wood to some degree) is consid- 
ered to be a ductile material Brittle materials such 
aa concrete and unit-masonry must be property rein- 
forced with steel to provide the ductility character- 
istics neceesaiy to resist seismic forces (chap 3 t para 
3-3(J)2b). In concrete columns, for asampla, the 
combined effect of flexure (due to frame action) and 
c om p r ession (due to the action of the overturning 
moment of the structure as a whole) produces a 
common mode of failure: buckling of the vertical 
steel and spelling of the concrete cover near the floor 
levels. Columns with proper spiral reinforcing or 
hoops have a greater reserve strength and ductility 
(refer to chap 7, Space Frames). 

I Nonstructural Participation. For both analysis 
and detailing, the effects of nonstructural parti- 
tions, filler walls, and stairs (refer to chap 4, para 
4-7d) must be considered. The nonstructural ele- 
ments that are rigidly tied to the structural system 
can have a substantial influence on the magnitude 
and distribution of earthquake forcee, causing a 
ahearwalHike response with considerably highsr 1st- 
end forcee and overturning momenta. Any element 
that is not strong enough to resist the forcee that it 
attracts will be damaged; therefore, it should be 
isolated from the lateral force-resisting system. 

/ Foundations. The differential movement of 
foundations due to seismic motions is an important 
cause of structural damage, especially in heavy, 
rigid structures that cannot accommodate theee 
movements. Adequate design must minimize the 
possibility of relative displacement, both horizontal 
and vertical, between the various parte of the foun- 
dation and between the founda t ion and superstruc- 
ture (refer to chap 3, para 3-3( J)3c; and chap 4, para 
4-8, for seismic r eq uir ements). 

h. Damage Control Features. The deeign of a 
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structure in accordance with the seismic provisions 
of this manual will not fully ensure against earth- 
quake damage because the horizontal deformations 
from design loads are lower than those that can be 
expected during a major earthquake. However, 
without increasing construction costs, a number of 
things can be done to limit earthquake damage 
which would be expensive to repair. In considering a 
building's response to earthquake motions, it is im- 
portant to keep in mind the structural system and 
the geometry of the building. During a major earth- 
quake it should be assumed that deflections (story 
drift) may be 3/K timee that resulting from the de- 
sign lateral forces (refer to chap 3, para 3-8(J)ld). A 
Bat of featuree to minimise damage follows: 

(1) Provide details which allow structural move- 
ment without damage to nonstructural elements. 
Damage to each items as piping, glass, plaster, ve- 
neer, and partitions may constitute a major finan- 
cial loee. To minimise this type of damage, special 
care in detailing, either to isolate theee elements or 
to accommodate the movement, is required. 

(2) Breakage of glass windows can be mini- 
mised by providing adequate clearanc e and flexible 
mountings at edges to allow for frame distortions. 

(3) Damage to rigid nonstructural partitions 
can be largely eliminated by providing a detail at 
the top and sides which will permit relative move- 
ment be tw een the partitions and the adjacent 
structural elemente. 

(4) In piping installations, the expansion loops 
and flexible joints used to accommodate tempera- 
ture movement are often adaptable to handling the 
relative seismic defle ct ions between adjacent equip- 
ment items attached to floors. 

(6) Fasten free-standing shelving to walls to 
prevent toppling. 

(6) Concrete stairways often suffer seismic 
damage due to their inhibition of drift between con- 
nected floors. This can be avoided by providing a 
slip Joint at the lower end of each stairway to elimi- 
nate the bracing effect of the stairway or by tying 
stairways to stairway shear walls. 

L Redundancy. Redundancy is a highly deeirable 
characteristic for earthquake-resistant design. 
When the primary element or system yields or foils, 
the lateral force can be redistributed to a secondary 
system to prevent progreesive failure. 

2-10. Alternatives to tho proscribed provi- 
sions. Alternativee to some of the seismic 
provisions are permitted if they can be properly sub- 
stantiated In some cases, alternative solutions are 
mandatory (e.g., irregular buildings and setback 
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buildings); in other cases, they are optional (e.g., to 
provide a more efficient deeign or to analyse the 
building for the effects of a predicted earthquake 
ground motion). Tbb alternativee are generally clas- 
sified as dynamic methods and are not covered in 
this manual Using dynamic loading and a computer 
analysis, one can more accurately predict how a pro- 
poeed building will act and deform under ground 
motions from a specific earthquake. It will be found 
that this response may sometimes cause deflections, 
joint rotations, and streeeee quite different from 
those determined from the preecribed static load- 
ings. Before proceeding with the equivalent static 
force procedure, the designer should make sure that 
there are no special conditions that would warrant 
or require the use of mora rigorous methods. 

a. Elastic Analysis. For moet buildings requiring 
an alternative deeign method, an elastic dynamic 
analysis procedure is sufficient to determine load 
distribution and member forcee for deeign earth- 
quake motion. A response spectrum analysis with 
the modes combined by the square-root-of -the-sum- 
of-the-squaree (SRSS) method or by some other ap- 
proved method is generally sufficient for an elastic 
analysis. A time-history analysis may be used if nec- 



6. Inelastic Analysis. For major buildings, which 
require added assurance so that the building can 
withetand a major earthquake without collapse or 
within a limited range of damage, an inelastic dy- 
namic analysis may be used. This usually is a time- 
history analysis; however, other approximate proce- 
dures that can estimate inelastic effects may be 
used. 

2-11. Futuro oxponslon. When future expan- 
sion of a building is contemplated, it is generally 
better to plan for horizontal expansions rather than 
for vertical growth because there will he greater 
freedom in planning the future increment, there will 
be lees interruption of existing operations when ad- 
ditions are mode, and the first increment will not 
have to bear a large share of cost of the second incre- 
ment. For future vertical expansion, the foundation, 
floor/roof system, and the structural frame must be 
proportioned for both the initial and future deeign 
loadings, including the seismic forcee. For future 
horizontal expansion, either a complete structural 
separation between the two phasee must be pro- 
vided, or the first increment must be designed for its 
share of the loads under both conditions: the first 
increment and the expansion. Many buildings that 
have been designed for future expansion under past 
seismic criteria do not satisfy the present criteria; 
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therefore, these buildings must be upgraded and will 
incur high seismic strengthening costs. 

2- 1 2. Mo|or checkpoints. Ilia process of achiev- 
ing an adequate building must start with conceptual 
planning and be carried through all phases of the da- 
sign and construction program. Ilia major check 
points include: perform site investigations; coordi- 
nate the work of the architect and engineers 
(structural* mechanical, and electrical) to establish 



the plant the system, and the materials of construe- 
tion; establish deeign criteria for the 
facility; identify and locate primary structural 
ments; determine and distribute lateral 
forces; prepare deeign calculetione; detail 
tions; detail nonstructural parte for damage control; 
make dear, complete contract drawings; check abop 
drawings; perform quality control ins pe c ti on; and 
maintain surveillance over any changed c o n di t io si a 
during the entire construction period. 
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CHAPTERS 
DESIGN CRITERIA 



3-1. Purpose and scope. This chapter pre- 
scribes the criteria for the seismic design of build- 
ings and other structures. 

3-2. General. The seismic design of buildings 
and other structures will be in accordance with the 
criteria and design standards herein. Hie structural 
system or type of construction will admit to a ra- 
tional analysis in accordance with established 
principles of mechanics. Structures will be desi g ned 
for dead, live, snow, wind, and seismic forces. The 
dead, live, snow, and wind loads will be as given in 
applicable agency manuals. Every building or struc- 
ture and every portion thereof will be designed and 
constructed to resist stisssss prodused by lateral 
seismic forces in combination with dead and live 
loads as provided in this chapter. Materials and de- 
tails will conform to the seismic provisions, 
applicable guide specifications, and criteria herein. 
The provisions of this chapter apply to the structure 
as a unit and also to all parts thereof, including the 
structural frame or walls, floor and roof systems, an- 
chorages and supports for architectural elements 
and mechanical and electrical equipment, and other 



3-3. Seismic design provisions. The seismic 
provisions of this manual are based on the 
"Recommended Lateral Force Requirements and 
Commentary" of the Seismology Committee of the 
Structural Engineers Association of California, 



Fourth Edition, 1976 1 (hereafter referred to as the 
SEAOC Recommendations). The SEAOC publica- 
tion, which includes the Recommendations, the 
Commentary, and Appendices, may be used as a ref- 
erence for this manual. (Note: The SEAOC 
Commentary discusses and explains the provisions 
of the SEAOC Recommendations Lateral Force Re- 
quirements. In some respects, the Commentary is as 
important as the Recommendations. The Commen- 
tary, in general gives the intent of the seismic 
provisions; however, it becomes an extension of the 
SEAOC Recommendations when supplementing the 
seismic provisions with clarifying interpretations.) 
The following is a reprinted version of Section 1 of 
the SEAOC Recommendations that has been modi- 
fied to satisfy the requirements of this manual (see 
chap 6 and 7 for references to SEAOC Sections 2, 3, 
and 4). The modifications consist primarily of (1) 
additions and interpretations which extend the pro- 
visions to more fully cover areas of lower seismidty , 
outside of California, (2) special provisions devel- 
oped by the Tri-Servkee Committee; and (3) 1978 
SEAOC Seismology Committee revisions. Modified 
portions are noted in italic* The SEAOC paragraph 
identification system has been maintained such that 
SEAOC Section l(J)2d is equivalent to paragraph 
3-3<J)2d in this manual. 
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SEAOC, SECTION 1* 

GENERAL REQUIREMENTS 

FOR THE DESIGN AND CONSTRUCTION OF 

EARTHQUAKE RESISTIVE STRUCTURES 

(ModlticaHont an In Italic*) 

(A) General. 

i. The proper application of these lateral force r eq uir ements, both in de» 
sign and construction, are intended to provide minimum standards toward 
making buildings and other structures earthquake resistive, llie provisions of 
this Section apply to the structure as a unit and also to all parts thereof, in- 
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2. Every structure shall be designed and constructed to resist 
produced by lateral forces as provided in this Section. Stresses shall be calcu- 
lated as the effect of a force applied horizontally at each floor or roof level 
above the base. The force shall be assumed to come from any horizontal direc- 
tion. 

3. Where prescribed wind loads produce higher stresses, such loads shall 
be used in lieu of the loads resulting from earthquake forces. 

4. The effects of vertical accelerations must be considered for structures in 
Seismic Zones 3 and 4 (chap 4, para 4-4c(2)). 

5. Dead, live, snow, and wind loads will be in accordance with applicable 
agency manuals. Earthquake loads will be considered in combination with 
dead loads and live loads as specified in paragraph 3-3(J)2c. Allowable 
working stresses specified in agency manuals for ordinary or non-seismic con- 
struction will be increased one-third for earthquake loading, provided the re- 
quired section or area computed on this basis is not less than that required for 
vertical loading, without the one-third increase. Worhing stresses for rein- 
forced masonry construction will be as given in chapter 8, Reinforced Ma- 
sonry. The one-third increase in stresses does not apply when strength design 
or plastic design methods are used 

(B) Definitions. 

BASE is the level at which the earthquake motions are considered to be 
imparted to the structure or the level at which the structure as a dynamic vi- 
brator is supported. 

BOX SYSTEM is a structural system without a complete vertical load 
carrying space frame. In this sytem, the required lateral forces are resisted by 
shear walls or braced frames as hereinafter defined. Refer to chapter 4, parar 
graph 4-3c(4). 

BRACED FRAME is a truss system or its equivalent which is provided to 
resist lateral forces and in which the members are subjected primarily to axial 
stresses. Refer to chapter 6. 

DUCTILE MOMENT RESISTING SPACE FRAME is a moment resist- 
ing space frame that complies with special requirements given in chapter 7. To 
comply with the SEAOC Recommendations, only Type A concrete and steel 
frames could be classified as ductile moment resisting space frames; however, 
in this manual the definition is extended to include concrete frame Type B for 
buildings in Seismic Zone 1. 

ESSENTIAL FACILITIES are those structures which must be func- 
tional for emergency post earthquake operations. 

LATERAL FORCE RESISTING SYSTEM is that part of the structural 
system assigned to resist the lateral forces prescribed in paragraph 3-3(D). 

MOMENT RESISTING SPACE FRAME is a vertical load carrying 
space frame in which the members and joints are capable of resisting forces 
primarily by flexure. Classifications are given in chapter 7. 

SHEAR WALL is a wall designed to resist lateral forces parallel to the 
plane of the wall. Classifications are given in chapter 6. 

SPACE FRAME is a three-dimensional structural system, without bear- 
ing walls, composed of interconnected members laterally supported so as to 
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function a* a complete self -contained unit with or without the aid of h^^ 
diaphragms or floor bracing system*. 

VERTICAL LOAD CARRYING SPACE FRAME is a space frame de- 
signed to carry all vertical loads. Refer to chapter 4, paragraph 4Sc(4). 

(C) Symbols and Notations. 

The following symbols and notations apply to the provisions of this Sec- 
tion: 

C « Numerical coefficient as specified in paragraph 3-3(D) 

Cp « Numerical coefficient as specified in paragraph 3-3(0) and as set 

forth in table 3-4. 
D « The dimension of the building in feet, in a direction parallel to the 

applied forces. 
6\ « Deflection at level i relative to the base, due to applied lateral 
forces, X fa for use in Formula (3-3). • 
Fi 9 Fn 9 F x a Lateral force applied to level i.n, or x, respectively. 

F p * Lateral forces on a part of the structure and in the 

direction under consideration. 
F t « That portion of V considered concentrated at the top of the 

structure in addition to F n . 
fi m Distributed portion of a total lateral force at level i for use 

in formula (3-3).* 
g m Acceleration due to gravity, 
hi, ho, h x « Height in feet above the base to level i, n, or x, 
respectively. 
I a Occupancy importance coefficient 
K» Numerical coefficient as set forth in Table 3-3. 
Level i« Level of the structure referred to by the subscript i. i ■ 1 

designates the first level above the base. 
Leveln — That level which is uppermost in the main portion of the 

structure. 
Levels « That level which is under design consideration, x « 1 
designates the first level above the base. 
N« The total number of stories above the base to leveln. 
S« Numerical coefficient for site-structure resonance. 
T« Fundamental elastic period of vibration of the structure in 

seconds in the direction under consideration. 
T 9 « Characteristic site period. 
V* The total lateral force or shear at the base. 
W« The total dead load and applicable portions of other loads. 
wi,w x « That portion of W which is located at or is assigned to level 
i or x respectively. 
w px » The weight of the diaphragm and the elements tributary 
thereto at level x, including 26 percent of the floor live load 
in storage and warehouse occupancies. * 
Wp» The weight of a portion of a structure. 
Z* Numerical coefficient related to the seismidty of a region. 

(D) Minimum Earthquake Forcos for Structures. 

Except as provided in paragraphs 3-3(0) and 3-3(1), every structure shall 
be designed and constructed to resist minimum total lateral seismic forces aa» 
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sumed to act nooconcurrently in the direction of each of the main axeo fcfap 
4-4c{l)) of the structure in accordance with the formula 

V-ZIKCSW. (5-1) 

However, the product ofZIKCS will not be less than 0.015. 

1. The value of Z is dependent upon the seismic tone a$ specified by fig- 
ures 3-1, 3-2, 3-3, and 3-4 in paragraph 3-4 and is determined from table 3-1 
below. 





Tobl*3-l 


. Z-Co*fflci**t 






S*i$micZon* 





1 


2 


8 


4 


Z<ocfflcUnt 





3/16 


3/8 


3/4 


1 



2. The value of the coefficient I is dependent on the type occupancy, such 
as discussed in paragraph 3-6, and is determined from table 3-2 below: 

Tabic 3-2. 1-CocffidmU 



Type of Occupancy 


1 


Bss**tialFaciHtis$ 
High Risk FociUtU$ 
AUOthcn 


1.50 
1.26 
1.00 



3. The value of K shall be not lees than that set forth in table 3-3. 

4. The values of C and 8 are as indicated hereafter except that the product 
of CS need not exceed 0.14. 

5. Wis the total dead load and applicable portions of other loads ^/udin* 
att permanent structural and nonstructural components of a building such as 
walls, floors, roofs, and fixed service equipment 

a. Where partition locations are subject to change, in addition to all 
other loads, a uniformly distributed dead load of 20 pounds per square foot of 
floor will be applicable. 

6. In storage and warehouse occupancies, a minimum of 26 percent of 
the floor live load will be applicable. 

c Where the design uniform snow load is 20 psf or less, no part need be 
included in the value of "W" Where the snow load is greater than 20 pef, an ef- 
fective weight of 70 percent of the full snow load will be included; however, 
where the snow load duration warrants, the effective weight of the snow load 
may be reduced to 20 percent of the full snow load 

& The value of C shall be determined in accordance with the formula 



The value of C need not exceed 0.12. 



0-D 



7. The period T shall be established using the structural properties and 
deformatkmal characteristics of resisting elements in a property substantiated 
analysis such as the formula 



T ~»M^ (' 2/id) 



wr 



where the values offi represent any lateral force distributed approximately in 
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accordance with the principles of formulas 3-6k (3-6), and (3-7) or any other rar 
tional distribution. The elastic deflections, 6u shall be calculated using the ap- 
plied lateral forces, t{.* (Refer to chap 4, para 4-36.) 

In the absence of a period determination as indicated above, the value of T for 
buildings may be determined by the formula 

m 0.06 b, i9mA% 

or, for buildings in which the lateral force resisting system consists of moment 
resisting space frames capable of resisting 100 percent of the required lateral 
forces and such system is not enclosed by or adjoined by more rigid elements 
tending to prevent the frame from resisting lateral forces, T may be deter- 
mined by the formula 

T-0.10N (3-W 

8. The value of S shall be determined by the following formulas but shall 
not be less than 1.0: . 

For^ * 1.0orless,S» 1.0 + j - 0.5 \j; 2 . 0-4) 



T . ^ ,^ « , A . *„T 



T 



Yotj greater than 1.0,5 » 1.2 + 0.6y - 0.3 1^ I 2 . (3-4A) 

T in Formulas {3-4) and (3-4A) shall be established by a properly substan- 
tiated analysis but T shall not be taken as less than 0.3 seconds. 
Hie range of values of T» may be established from properly substantiated geo- 
technical data, except that T, shall not be taken as less than 0.5 seconds nor 
more than 2.5 seconds. T 9 shall be that value within the range of site periods, 
as determined above, that is nearest to T. 
When T § is not properly established, the value of S shall be 1.5. 

EXCEPTION: Where T has been established by a property substantiated 
analysis and exceeds 2.5 seconds, the value of S may be determined by as- 
suming a value of 2.5 seconds for T 9 . 

(E) Distribution off Lateral Forces. 

1. Regular Structures or Framing Systems. The total lateral force V shall be 
distributed over the height of the structure in accordance with the following 
formulas: 

V*F t + 2 j Fi. 0-5) 

Tlie concentrated force at the top, F t , shall be determined by the formula 

F t *0.07TV. (3-6) 

Ft need not exceed 0.25V and may be considered as zero where T is 0.7 
seconds or less. The remaining portion of the total base sheer V shall be 
distributed over the height of the structure including level n according to 
the formula 

F x - ^~*V w i h » (j-7) 

iii**i 
At each level designated as x, the force F, shall be applied over the area of 
the building in accordance with the mass distribution on that level 

2. Setbacks. Buildings having setbacks wherein the plan dimension of the 
tower in each direction is at least 75 percent of the corresponding plan dimen- 
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sion of the lower port may bo considsred ae uniform buildings without set- 
becks, providing other irregularitieo ee defined in this Section do not exist 

3. Irregular Structures or Framing Systen^ The distribution of the lateral 
foroee in etructuree which beve highly irregular shapee, large dif ferencee in 
lateral reeistanoe or stiffnees between adjacent etoriee or other unusual struc- 
tural fsaturee shall be determined considering the dynamic characteristics of 
the structure. 

4. Distribution of Horisontal Shear. Total sheer in any horisontal plane 
shall be distributed to the various elements of the lateral force reeisting sys- 
tem to proportion to their rigkHt^ 

bracing system or diaphragm. Rigid domente that are aaeumed not to be part 
of the lateral force-resisting system may be incorporated into buildings pro- 
vided that their effect on the action of the system is considered and provided 
for in the design. 

5. Horisontal Torsional Moments. Provisions shall be made for the increase 
in shear resulting from the horizontal torsion due to an eccentricity between 
the center of mass and the center of rigidity. Tlie forcee shall not be decreaeed 
due to torsional effects. Where the vertical reeisting elements depend on dia- 
phragm action for shear distribution at any level, the ehear reeisting elements 
shall be capable of resisting a torsional moment assumed to be equivalent to 
the story shear acting with an eccentricity of not less than five percent of the 
maximum building dimension at that level 

(P) Overturning. 

Every structure shall be deeigned to resist the overturning effects caused by 
the wind forcee and related requirements, or the eerthquake forcee specified in 
this Section, whichever governs. 

At any level, the incremental changee of the design overturning moment, in 
the etory under consideration, shall be distributed to the various resisting ele- 
ment to the ssiim proportion as the distribute 

system. Where other vertical members are provided which are capable of par- 
tially resisting the overturning moments, a redistribution may be mode to 
theee members if framing members of sufficient strength and stiffnees to 
transmit the required loads are provided. 

Where a vertical reeisting element is discontinuous, the overturning mo- 
ment carried by the loweet etory of that element shall be carried down ae loads 
to the fo u ndation. 

(O) Loterol Force on Elements ol Structures. 

Varts or portions of structures and their anchorage to the main structural 
system shall be designed for lateral forces In accordance with the formula 

F p -ZIC p Wj (9-8) 

The distribution of these forces shall be according to the gravity loads pertain- 
ing thereto. 

1. The values of C p are set forth in table 3-4. The value of the I coefficient 
shall be t he value used for the building. 
EXCEPTIONS: 
& The value of I for wall panel connectors shall be as given in par* 
graph3-S(J&L* 
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6. The value of I for elements of life safety systems (such as items as- 
sociated with exiting and fire protection) shall be 1.5. * 

2. For applicable forces on diaphragms and connections for exterior pan- 
els, refer to paragraphs 8-9(J)2d and 3-3(J)Sd, respectively. * 

3. For applicable forces on flexible and flexibly mounted equipment and 
machinery (footnote 3, table 8-4), refer to chapter 10 (equipment in buildings). 

4. For applicable forces on storage racks, refer to chapter 9 (footnote 5, tar 
ble3-4). 

6. For applicable forces on lighting fixtures, piping, stacks, bridge cranes 
and monorails, and elevators, refer to chapter 10. 

(H) Drift Provisions. 

1. Drift. Lateral deflections or drift of a story relative to its adjacent stories 
shall not exceed 0.005 times the story height unless it can be demonstrated 
that greater drift can be tolerated. The displacement calculated from the appli- 
cation of the required lateral forces shall be multiplied by (1.0/K) to obtain the 
drift. The ratio (1.0/K) shall not be less than 1.0. 

2. Building Separations. All portions of structures shall br designed and 
constructed to act as an integral unit in resisting horizontal forces unless sepa- 
rated structurally by a distance sufficient to avoid contact under deflection 
from seismic action or wind forces. Refer to chapter 4, paragraph 4-7. 

(I) Altornoto Determination and Distribution of Solsmlc Forces. 

Nothing in these Recommendations shall be deemed to prohibit the submis- 
sion of properly substantiated technical data for establishing the lateral de- 
sign forces and distribution by dynamic analyses. In such analyses the dy- 
namic characteristics of the structure must be considered. 

(J) Structural Systems. 

1. Ductility Requirements. 

a. Force Factor. All buildings designed with a horizontal force factor 
K * 0.67 or 0.80 shall have ductile moment resisting space frames. (Some ex- 
ceptions are permitted for dual systems with height limitations as specified in 
table 3-7.) 

b. Tall Buildings. Buildings more than one hundred and sixty feet (160 1 ) in 
height shall have ductile moment resisting space frames capable of resisting 
not lees than 25 percent of the required seismic forces for the structure as a 
whole. 

EXCEPTION: Buildings more than ISO feet in height in Seismic Zone 

No. 1 may have concrete shear walls designed in conformance with 

chapter 6, paragraph SSadk in lieu of a ductile moment resisting space 

frame, providing a K value of 1.00 or 1.3S is utilised in design. 

c Concrete Frames. All concrete space frames required by design to be 

part of the lateral force resisting system and all concrete frames located in the 

perimeter line of vertical support shall be ductile moment resisting space 

frames. (Some exceptions are permitted in Seismic Zones No. 1 and No. 2 with 

height limitations as specified in table 3-7.) 

EXCEPTION: Frames in the perimeter line of vertical support of 
buildings designed with shear walls taking 100 percent of the design 
lateral forces need only conform with paragraph 8S(J)ld. 
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d. Deformation Compatibility. All framing elements not required by de- 
sign to be part of the lateral force resisting system shall be investigated and 
shown to be adequate for vertical load carrying capacity and induced moments 
due to (3.0/K) times the distortions resulting from the required lateral forces. 
The rigidity of other elements shall be considered in accordance with parar 
graph 3-3(E)4. 

e. Adjoining Rigid Elements. Moment resisting space frames and ductile 
moment resisting space frames may be enclosed by or adjoined by more rigid 
elements which would tend to prevent the space frame from resisting lateral 
forces where it can be shown that the action or failure of the more rigid ele- 
ments will not impair the vertical and lateral load resisting ability of the space 
frame. 

f. Frame Ductility. Hie necessary ductility for a ductile moment resisting 
space frame shall be provided by a structural steel or reinforced concrete frame 
complying with the requirements of chapter 7 and conforming to the classifica- 
tions of tables 3-3a<*d3-7. 

g. Braced Frames. All members in braced frames shall be designed for 
1.25 times the force determined in accordance with paragraph 3-30)1 Connec- 
tions shall be designed to develop the full capacity of the member s or shall be 
based on the above forces without the one-third increase usually permitted for 
stresses resulting from earthquake forces. Members of braced frames shall 
comply with the requirements of chapter 6, paragraph 6-7, and conform to the 
classifications of tables 3-3 and 3-7. 

h. Shear Walls. Reinforced concrete shear walls for all structures shall 
conform to the requirements of chapter $ paragraph 6-3, and conform to the 
classifications of tables 3-3 and 3-7. Reinforced masonry shear watts shall con- 
form to the requirements of chapter & For the calculation of shear stress only, 
all masonry shear walls shall be designed to resist 1.5 times the force deter- 
mined in accordance with paragraph 3-3(D). 

i. Framing Below Base. In buildings where K * 0.67 or 0.80, the special 
ductility requirements of SEAOC sections 2 (chapter 7, paragraph 7-3a(l)k 3 
(chapter 6, paragraph 6-3a(l)) 9 and 4 (chapter 7, paragraph 7-5a(l)k as appropri- 
ate, shall apply to all structural elements below the base which are required to 
transmit to the foundation the forces resulting from lateral loads. 

2. Design Requirements. • 

a. Minor Alterations. Minor structural alterations may be made in exist- 
ing buildings and other structures, but the resistance to lateral forces shall be 
not lees than that before such alterations were made unless the building as al- 
tered meets the requirements of these Recommendations. 

b. Reinforced Masonry or Concrete. All elements within the structure 
which are of masonry or concrete shall be reinforced so as to qualify as rein- 
forced masonry or concrete under the provisions of chapters 6 and & 

EXCEPTION: See table 8-5 for Seismic Zone 1 exceptions. 

e. Coaabtaed Vertical and Horiaontal Forces. In computing the effect of 
sdsmic forces in combination with vertical loads, gravity load stressss in- 
duced in members by dead load plus design live load, except roof live load, 
shall be considered. Consideration should also be given to minimum gravity 
loads acting In combination with Intend forcee. 

d. Diaphragms.* Floor and roof diaphragms and collectors shall be de- 
signed to resist the seismic forces determined in accordance with the following 
formula: 
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*p* m l — ; i w p* 0-9) 

T*e /brte F^* determined from Formula 3-9 need not exceed 0*30 Z I Wp# 
When the diaphragm ie required to transfer seismic forces from the vertir 
col resisting elements above the diaphragm to other vertical resisting elements 
below the diaphragm due to offsets in the placement of the dements or to 
changes in the stiffness in the vertical elements these forces shall be added to 
those determined from Formula J-& 

However, in no case shall the seismic force on the diaphragm be less than 
determined 6y the following formula: 

Fpt-aUZIwp* 0-SL4) 



Diaphragms supp o rti ng concrete or masonry walla shall have cont inu ous 
tiee between cuanhragm chords to distribute the ancho rage forooo opocifiod in 
paragraph S-3iJ)8a into the diaphragm. Added chords may be need to form 
sob-diaphragms to transmit the anchorage fbrcee to the main croee tiee. Dia- 
phragm deformations shall be flfl fifidfrtd in the rtonign of the supported walls. 
{/See paragraph SSfflSb for special anchorage r e quir ements of wood dia- 
phragms*) 

8. Special Requirements. 

a. An ch or a ge of Co n c r e te or Masonry Walla. Concrete or masonry walls 
shall be anchored to all floors and roof a which provide lateral support for the 
wall The anchorage shall provide a positive direct connection between the 
walla and floor or roof construction capable of resisting the horlaontal forcee 
specified in thcoe Recommendations or a minima 

sal foot of wall whichever is greater. Walls shall be designed to resist bsnding 
between anchors where the anchor spacing exceeds four feet. In masonry walls 
of hollow units or cavity walls, anchors shall be embedded in a reinforced 
grouted structural element of the wall (See paragraph 3-9U&d for the 
r eq uir ements for developing anchorage forcee in diaphragms. See paragraph 
SSlflSb tar special anchorage r eq uir ements for wood diaphr a gms. ) 

b. Wood Diaphragme Ueed to Support Concrete or Maooary Walla. 
Where wood diaphragms are need to laterally support concrete or maaonry 
walls the anchorage shall conform to paragraph d^SdfSa. In Seismic Zones No. 
2, No. 3, and No. 4 anchorage shall not be accomplished by uee of toe nails, or 
nails subjected to withdrawal; nor shall wood ledgers be used in croee grain 
bending. The continuous tiee required by paragraph 3Stfl2d shall be in addi- 
tion to the diaphragm shsathing; the diaphragm sheathing shall not be used to 
splice these tiee. 

c Pile Cape and Caissons Individual pile cape and caissons of every 
building or structure shall be interconnected by tiee, each of which can carry 
by tension and compreeekm a minimum horizontal force equal to 10 percent of 
the larger column loading, unices it can be demonstrated that equivalent re- 
straint can be provided by other approved methods. See chapter 4, paragraph 
4-8> for supplemental requirements. 

d. Exterior Elements. • Precast or prefabricated nonhealing, nonshear wall 
panels or similar elements which are attached to or enclose the exterior, shall 
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be designed to resist the forces per Formula 3-8 and shall accommodate move- 
ments of the structure resulting from lateral forces or temperature changes. 
Concrete panels or other similar elements shall be supported by means of cost* 
in-place concrete or by mechanical connections and fasteners in accordance 
with the following provisions: 

(1) Connections and pond Joints shall allow for a relative movement be- 
tween stories of not less than two times story drift caused by wind or (3/K) 
times the calculated elastic story displacement caused by required seismic 
forces, orl/24nch, whichever is greater. 

(2) Connections to permit movement in the plane of the pond for story 
drift shall be properly designed sliding connections using slotted or oversize 
holes or may be connections which permit movement by bending of steel or 
other connections providing equivalent sliding and ductility capacity. 

(3) Bodies of connections, such as structural steel angles, rods, plates, 
etc, shall have sufficient ductiUty and rotation capadty so as to preckulefr^ 
ture of the concrete or brittle failures at or near welds. The body of the connec- 
tion shall be designed for 1.38 times the force determined by Formula 3-8 

(4) Elements connecting the body to thopaneU or the structure, 

bolts, inserts, welds, dowels, etc* shall be designed for 4 times the forces deter' 
mined by Formula 8-8 Elements of connections embedded in concrete shall be 
attached to, or hoohed around reinforcing steel, or otherwise terminated so as 
to effectively transfer forces to the reinforcing stool 

(6) The value of the coefficient I in Formula 8-8 shall be LO for tho entire 
connection (Le., the value need not be greater than 1.0 even if the I-coeffldent 
of the building is greater than l.OL 

a. Cosu^ectioaa. For additional requirements for w 
ter 4, paragraph 4-8 
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Table 3-3. Rorimontal Fore* footer "K" for Buildinge or Other Struoturee* 
(Refer to Table 3-7 (Paragraph 3-6) for Swmary Tables 
for K Valuee for Saoh Seiemio Zone.) 



) 



Ias1c 
Systea 


Category 


Type or Arrangement of assisting Eleasnts 


Value of *■•* 


loot 
Fraaa* 


1 


lulldlngs with a ductllo aoaont resisting ipaco fraaa designed In 
accordanoa with the following criteria: Tha ductllo aoaont roalitlni 
tpaco fraaa shall havo tha capacity to roslst tha total required later- 
al forco. 


0.07 


2 


lulldlngs with aoaont resisting spaco fraatt doslgnod In accordanco 
with tho following criteria: The aoaont resisting spaca fraao snail 
havo tho capacity to roslst tho total required lateral forco and shall 
coaply with tho height llaiutlons and fraaa spoclfl cations of Tabla 
3-7. 


1.00 


Owl 
Systea* 


3 


lulldlngs with a dual bracing systea consisting of a aoaont resisting 
spaco fraao and shoar walls or braced fraaas doslgnod In accordanco 
with tho following criteria: 

a. Tho aoaont resisting spaco fraaos shall coaply with tho speci- 
fications and height Haltatlons of Table 3-7. 

b. Tho freao and shear walls or braced fraaas shall resist the 
total lateral force In accordance with their relative rigidi- 
ties considering the Interaction of tho shoar walls and fraaos. 

c. The shear walls or braced fraaos acting Independently of the 
aoaont resisting space fraao shall resist the total required 
lateral force. 

d. The aoaont resisting space fraaa shall have the capacity to re- 
sist not loss than 2S percent of the required lateral forco. 


0.10 


1091 

Mill 

or 

•>OCOd 

Fraaas 


4 


lulldlngs with a vertical load carrying spaco freao and shear walls or 
braced fraaas doslgnod In accordance with the following criteria: 

a. In Seismic Zones 2, 3 • and 4 the height of the building shell 
not exceed 160 feet.* 

b. The shear wall or braced fraao shall havo the capacity to re- 
sist the total required lateral force and shell coaply with 

. the height Haltatlons and wall specifications of Table 3-7. 

c. The Interaction between the vertical load carrying apace fraao 
and the shear walls or braced fraaas shall not result 1n the 
loss of tho vertical load carrying capacity of the space freao 
1n the case of daaage occurring to a portion of the lateral 
force resisting system (see paragraph 3-3(J)ld). 


1.00 


S 


building with wood fraaa construction and plywood sheer walls designed 
In accordanco with the following criteria:** 

a. The height of the building shall not exceed 40 feet or three 
storlos. 

b. The plywood sheer walls shall have the capacity to resist 
the total required lateral force. 

c. hosonry veneers shall not be used. (If veneers are used, 
K - 1.33.) 


1.00 


t 


lulldlngs with a box systea designed In accordance. with the following 
criteria: 

a. In Solsalc Zones 2, 3. and 4 the height of the building 
shall not exceed 100 feet. c 

b. Tha shear walls or braced fraaas shall have the capacity 

to resist the total lateral force and shall coaply with the 
height Haltatlons and wall specifications of Table 3-7. 


1.33* 


Elevated 

Tanks 

and Inverted 

Nnduluas 


7 


elevated tonka plus full contents, on four or aore cross-braced legs 

and not supported by a building. The braced fraaa requlreaants of par- 
•graph 3-3(J)lg and the torsional requlreaants of paragraph 3-3(0$ 
shall apply. The product of KCS will not be less then 0.12. asfer to 
Chapter 11 for Inverted pendulums. 4 


2.S* 


Structures 

Other 

THan 

lulldlngs 


• 


Structures other then buildings, elevated tanks, or ainor structures 
set forth In Table 3-4. The product of KCS will not be less then 0.10. 
Also, refer to Chapter 11. d 


2.0 



> 



•Modification of SEAOC Table 1A. 

**Xa 1MO SEAOC modified thie category to include "buildinga— with etud well framing 
aad woing horisontal diaphragm and vortical ahear penal e for the lateral force systea.** 
Therefore, walla in accordance with either paragraph 6-Sa or paragraph 6-5b of Chapter 6 
will be ia compliance with item 5b above. 
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Footnotes to Table 3-3 



a. IfK - 1.33 in om fttoaetfo* ft atf aa 1.49 ia oota oYractioaj. OftW Jtoafaaf nifty uary in iftt 

6. Gaaarairy, out value of K epphes to the total height of the building; however, if then ism 
change in K along the height of the buiufingh-g*, due to dtftaggia/haadagfyifftaU t**JC uftla* 
Mftd at «ny Jftwf Mttftf 6a aa/iiai id or greater thmn the K value at laa ***t Jroaf above MJto, 
nt/ar to provision* of aerographs 3-30BW endtforsotbaeh and irregumt buikHngsJ 

c /a&ifeaiJcZofialooaifvttatoaripalf atoyaaoa^ 

«l Gafaforita 7 aad ft Jta/br lo chapter 11 for wanenaU methods and additional requirements. 
Pedestal type elsve^edumtertanhswiUnc^ 
mUZomsNos,l€^ZKmiUb€30f6rpso^taitypssisvmtodtmMhs. 



Tab* 3^ HoHsomtol Force Factor V, 



fin Or rOTUOn Of SQTIICtUra 


uiracuoooc 
Poroa 


Vabjaof 


1 


CantflavarElamonta: 
a.Parapata 

b. PbctiooOTCbiiDBoyiOf atackatbat 
protroda abova rigid aapporta* 


Normal to 
flat 

* «» »« 
Anyojracuon 


0.8 


S 


ABotbar alamanta aoch aa walk, parti- 
paragraph 9-9<J)8d. Ako tadndaa 
iHftftonry of coocfoto wo/com orar 6 laat high* 


Anycuracuon 


o.a 


3 


BxtftrkyftadintftrkyornftmftnUrtkwtftad 
appondagaa 8aaciuptar 9. paragraph 9-3. 


Anycuracuon 


08 


4 


Wood ooooftctod to* port of, or houaad 
within • btiflding; 

ft.PftBth0Uftftft 

b. Aachorago and toppoftft for tftBks 

ptua contanta 
c Rigidly bracad chimnaya and atacka* 
d. Storaga raeka ploa contanta* 
a. Suopaodad cafltaga* 


Any direction 


o**- 4 


6 


alaoitiita othar than walla, with fbrca 
apphad at cantor of gravity of aaaambry 


Anydkoction 


0.3 4 



oath* 1978 8KAOC 



FootmotmioTmbis3-4 



1. C p for elomonU ktorefy self supported onty 

the value shown. Also refer to chapters 10 mnd 11 fag* equipment, 
paragraph 10^- stochs, pormgrmph 10-3> and fa***, chapter 111 

2. Chimneys orstoehs thmt extend more thmn 16 fast above a rigid attachment 
to the structure will be d e si gn e d in oecordsmce with chapter 10, paragraph 
10-Se. Also, refer to chapter 10 for guyed steehs and stacks on ground. 

3 For flexible and flexibly mounted equipment and machinery, the 
appropriate values ofC p shall be determined with consideration given to 
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MUtair «r MrMtwv to «Ms* ft <• *to»«f tat «tof art *• laaa than tka 

eev^^^v Ir^i^B^^^Bi 4 ^^W w^^^^K^w ^w 90w9m ^VVI^^^^Wv •^^W WP^^^^Ue^^Wv^p V^^V PvPVPr 

BMv^^^VVV 0^ ^^P O^P^^^pwPip ^^UOrP VjV p^ew ^^^^MJH^O ^^WP ^p^^^^^j^^WPPPlwe "^ fWI 

ForB*$**ttdF9cUM*$**dtlfi — /Hy $y§mu fawh*ntmovahwofth$b 
co€f/U4*ntis*quml$oL6p€rp*mgT9pk$-*OnX ttotofcumtf dteflbijro/ 
eq uipment which must m m mt n in phot ond b* fiin e t hnml fdhwinf m mi/or 
omrthqumh* §hmU oonmkUr the tffnt of drift 

4L TkofcrcoikmUbtromUtodbypooin^ 

b\W p for ttor«f« rmck$ $nmU b* the woigki of the rock* pbu co n t en ts The 
i*fc* ofCp for meh$ over two itorng* cupport IcvcU In height $hcM be 034 
ku* the Intuit bektm the ton two faiuli In Men of the tehulnted uohtCM. ateei 
ttong* rack* atay ba daaigmad to w wn to iw irftft etogrtar ft paragraph 
9-4g. 

d fimiUmm meimht mhmtt include *M Mmkt Mmtnree ond other msuinmant or 

de tcfminin g the m H re l force, o ceiling weight of not lees thmn 4 pound* per 

$GMMT$ foot $h§M bt MSOd 



*-4. t#tomk mt# mops. The Mimic sonoe $-6, TypM of occupancy. General deocriptiono 
required for the determination of the coefficient Z in endcamplee of various occupancy typee ere given 



table 8-1, paragraph 3-8(D)l 9 are given on mape for the determinatioQ of the value of the coefficient I 

ahownonfigui*o8-l,S-2,and8-8forthecontlgu- in table 8-2, paragraph 8-8<D)2. 

oua statee, Alaeka, and Hawaii, roopoctivoty . The a B$$cmtial Fadtttiee (I - W Theee are etruc- 

map on figure 8-4 obows tbo estamfc loneo for Cfclh turee houetaf critical fedlitiee which are i 



^^i^^T^^m * r6ttar ( ^ a ?J?iL?S i I ijl?! for poeUHeaater recovery and require continuoue 

ndc aonee for specific areaa are tabulated tn taNee operation during and after an earthouake. Thie in* 

8-6 and 8-6 for locaUtiee within the United Statee d^I^^^J^mm^^n frZ^m^rtwS 

and ontalde the United Statee. l eenec tiv oiy. The *"**" ^^^*Z^\ TT/T" wuhmw 

" v^^T ^^7 ^^ T^T^^ f"T m«y cauae ajgniflcant loee of strategic and general 

boundary ttnee are approxima^ and in the event of comnmnlcatlona and disaster reeponae capabiHty. 
any conflict or uncertainty regarding the applicable 
i of any particular site, the higbv aone will be 
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ALABAMA 

Anniston 2 

Maxwell APB 

ff irmiUjrfmfB T •••••••••••••••••••2 

Huntevffle 1 

Mobile 

Montgomery 

Port Rocker 

ALASKA 

Adak Island 4 

Anchorags 4 

, 1 

2 

EialeonAPB 3 

EbnondorffAPB 4 

Peirbanks 3 

PortGrsary 3 

Juneau 3 

Kodiak Island 4 

Noma 1 

ARIZONA 

PortHuachuca 2 

LukaAPB 1 

Navajo AD 1 

Phoenix 1 

Tucson 1 

WnUamsAPB 1 

Yuma 4 

ARKANSAS 

BrythevIUeAPB 3 

Fort Chaff as 1 

Little Rock APB 1 

CALIFORNIA 

CsstlsAPB 3 

China Laks 4 

Edwards APB 4 

Hamilton APB 4 

Huntor-UggetMR 4 

Long Batch 4 

LosAngalaa 4 

March APB 4 

Mars Island 4 

Norton APB 4 

Oakland 4 

PortOrd 4 

CampPsndlston 4 

PartHoaneme 4 

3 

4 

4 

Sharps AD 3 

tar* AD 3 

TraviaAPB 4 

4 




COLORADO 

U8AP Academy 1 

Port Canon 1 

Denver 1 

PttsehnonsAMC 1 

Patsraon PWd •••••• • • • 1 

Pnablo 1 

CONNECTICUT 

Hartford 2 

NswHavan 2 

Now London 2 

DELAWARE 

DovsrAPB 1 

2 

FLORIDA 

EgHnAPB 

LAPB 

1 

Kay Wast 

IfacDfflAPB 

Miami 

Orlando 

Patrick APB 

, 



TyndaBAPB 

OEOROIA 

Albany 1 

2 

1 

Port Gordon 2 

Heater APB 2 

Macon. 1 

Bobbins APB 1 

8avannah 2 

PortStowart 1 

HAWAII 

Barbara Point, Oahn 2 

HiekamAPB 2 

HOo, Hawaii 4 

Honolulu, Ouhu 2 

Kanaoha Bay. Oahn 2 

Uhoe, Kauai 1 

SchofisU Barracks 2 

WhaakvAPB 2 

IDAHO 

Idaho palls 2 

Mountain Horns APB 1 



ILLINOIS 

ChanntaAPB 1 

Chicago 1 

Groat LakaaTC 1 

JottetAAP... 1 

O'HarelAP 1 

RocklalandArssnal 1 

8avannaAD 1 

Scott APB 2 

INDIANA 

Port Ban Harrison 2 

PbrtWayna 2 

GriasomAPB 1 

Indiana AAP 2 

IOWA 

Burlington 1 

Cedar Rapida 1 

DasMoinas 1 

Sioux City 1 

KANSAS 

Kansas AAP 1 

PortLaavsnworth 2 

McCoonalAPB 1 

FortRflsy 2 

SunflowsrAAP 2 

KENTUCKY 

FortCsmpball 2 

Laxmgton 2 

LouisviDs 1 

Port Knox 2 

LOUISIANA 

Port Polk 1 

LsksChariss 1 

Louisiana AAP 1 

NswOrlaana. 1 

1 

MAINE 

1 

2 

LormgAPB 1 

Winter Harbor 1 

MARYLAND 

Absrdsan Proving Ground • . • 1 

Andrews APB 1 

1 

1 

FortDstriofc 1 

Edgswood Arsenal 1 

Port Meade 1 

Fort Ritchie 1 
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MASSACHUSETTS 

Boston 2 

FortDavsna 2 

L.G.HanscomPlsod 2 

Otis AFB 2 

WastovarAFB 2 

MICHIGAN 

Dstroit 1 

KmcfasloaAFB 1 

KLSawyarAFB 1 

8alfridgsAFB 1 

WurtsmithAFB 1 

MINNESOTA 

Dumth 1 

IffaM^piJU 1 

OscsolaAFB 1 

MISSISSIPPI 

BQoxi 

Columbus AFB 1 

Jackson 1 

KsssisrAFB 

Martian 1 

MISSOURI 

Kansas City 2 

Laks City AAP 2 

Fort Laonard Wood 1 

Si. Unit 2 

Richards Gsbaur AFB 2 

Whitman AFB 1 

MONTANA 

Halana 3 

MahnstromAFB 2 

Missoula 2 

NEBRASKA 

rAAP 1 

1 

OffuttAFB 1 

NEVADA 

Carson City 3 

Fallon 4 

Hawthorns 4 

LasVagas 2 

NEW HAMPSHIRE 

Hanovar 2 

PaaasAFB 2 

Portsmouth 2 

NEW JERSEY 

Atlantic City 1 

Bayouns 2 

PicatfenyArssnal 2 

McGufaaAFB 1 

Port Monmouth 2 

rUtahklWllaf fff oae rf bii^alaaaofg. 



NEW YORK 

Albany 2 

Buffalo 2 

Port Dram 2 

GrifflsoAFB 2 

Now York 2 

Niagara PaDa I AP 2 

Plattatmrf APB 2 

Syracuat 1 

Wsat Point Military 

Raaarvation 2 

Watarvliat 2 

NORTH CAROLINA 

Port Bragg 1 

Charlotte 2 

CampLajauna 1 

Oraanaboro 2 

PopaAFB 1 

Saymonr Johnaon 1 

Sonny Point Ocaan 
Tarminal 1 

NORTH DAKOTA 

Bismarck 1 

Fargo 1 

Grand Porka APB 1 

MinotAPB 1 

OHIO 

Cincinnati. 1 

Clavaland 1 

Columbus. 1 

RavannaAAP 1 

Wright-Patterson APB 1 

OKLAHOMA 

Enid/VancaAFB 1 

FortSUl 2 

TmkarAPB 2 

Tulaa 1 

OREGON 

CooaBay 1 

Eugaoe 1 

Portland 1 

Umatilla AD 1 

PENNSYLVANIA 

CarUalc Barracks 1 

Harrisburg 1 

LattarkannyAD 1 

Philadtiphia 2 

Pittsburgh 1 

Scranton 2 

NEW MEXICO 

Attmqusrqus 2 

Cannon APB 1 

HoOomon APB 2 

White Sands MR 2 



RHODE ISLAND 

Newport* ••••••••••••••••••••••2 

fTovioanoa • ••••••••••••••••••••! 

SOUTHCAROUNA 

Ch arl sa te n 3 

Fort Jackson 2 

Parris Island 3 

ShawAFB 2 

SOUTH DAKOTA 

Ellsworth AFB 1 

Plana ••••• •••••• 1 

Sioux Falls 1 

TENNESSEE 

Chattanooga •••• 2 

HolatonAAP 2 

Mamphia 3 

Milan AAP 3 

NaahviDa 1 

TEXAS 

Austm/BsrgstromAFB 

Corpus Christi 

Dallas 

DyaasAPB 

Ellington APB 

El Paso *» 2 

Gahraston 

Pott Hood 

Houston 

Lona Star AAP 1 

RaaasAPB 1 

San Antonio 

Port Worth. 

Wichita Falls 

UTAH 

Dugway P.G 2 

Hill AFB 3 

Salt Laks City 8 

TooslsArmyDapot 3 

VERMONT 

AB 2 

VIRGINIA 

FortBslvoir 1 

PottEustis 1 

Fort Mayor 1 

Norfolk 1 

Pstsrsburg/PortLas 1 

Quantic© 1 

Radford AAP 2 

1 
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WASHINGTON 

FairchfldAFB 
FortLawia... 
McChordAFB 

Qoattla 

WaDaWaDa.. 
Yakima 



WASHINGTON, DC 

BollmfAFB 1 

FortMcNair 1 

WalUrRaadAlfC 1 

WEST VIRGIN J A 

AB 1 



WISCONSIN 

All 1 

WYOMING 

Chagrwiaa 1 

YaDowatooa 3 



'Bafarto 
S-M 



afZ. 
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AFRICA: 
Algeria: 

AlfK 

Oran 
0ot»< 



Pfwufe 



itaiaNrfe. 






Egypt: 

Cairo 

nnon* • • • 

Addk Abate 



Kcuya: 

Nairobi 

LJotria; 

Monrovia .... 
Li*?** 

Tripoli 

WhaaloaAFB. 



Blantyr*. 



Morocco? 
Caaabla 
PortLyautcy , 



iVfearr 

Nlamay. 
Nigeria: 



Senegal: 

Dakar 

SomlfJlopiiNte 



ScmtAA/Wca; 
Capatown. 



JohanBaaborf . * • • 

Natal 

Pretoria 

Southern Rhodeeia: 



Daraa 



Zaire: 
Bukavtt. 



Mialaymkv 
Nepal- 



ASIA: 



Saudi Arabia: 
AlBatbi... 






TBiwa ... 
Tainftao. 
Cyprus: 



India: 



Madraa. 



Jakarta. 



Surabaya 
Imn: 



Trivia. 



/«ag; 
Bagdad. 



Ieraek 
Haifa. 



ToiAviY.... 
Japan: 
ItaaukaAFB 
IfiaawaAFB 
Okinawa.... 
Oaaka/Koba . 

Tokyo 

Wakkaaai... 



Tunioia: 
Tunia. 



Yokota 
Korea: 
AH.... 



Jubafl 



Riyadh. 
Sfogqponr 

AH 

Syria: 



Taiwan: 
AH... 



Udora., 
Turkey: 
Ankara. 



ftm**; 



ATLANTIC OCEAN AREA: 



.U 
.2 

.1 



CARiEEEANSEA: 

Eahama I$land$» • . • • 
Cuba 



rwiinrnaoo 



> 



Hlaa laaal aada at it la awt aavaro than 



»naa.«tnfooja4U 
,4 



Leeward I$land$ 
Puerto Rico .... 
TVteldad 



.3 

.3 
.3 
.3 
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CENTRAL AMERICA: 

Canal Zone 2 

Costa Rica: 

San Jo— 8 

El Salvador 

San Salvador 4 

Guatemala; 4 

Honduras: 

Tegucigalpa 8 

CiudedJuares 2 

Guadalajara 8 

Mexico City 8 

Ttyuana 8 

Nicaragua: 
Managua 4 

Panama: 

Colon 8 

Panama 8 

EUROPE: 

Belgium- 

Antwarp 1 

Bruaaala 2 

England: 

London 2 

Liverpool 1 

Prance: 

Lyon 1 

Maraeille 8 

Nica 8 

Parie 

Germany: 

Berlin 

Bonn 2 

Bremen 

Duaeeldorf 1 

Frankfurt 2 

Hamburg 

Munich 1 

Stuttgart 2 

Greece; 

8 

4 

Inland: 

Keflavkk 8 

Reykjavik 4 

IVrahofn U 

Inland: 

Belfast 

Dublin 



Italy: 

AvianoAFB 8 

Brmdlal 

8 

2 

Naples 8 

Rome 2 

Sicily 4 

Trieate 8 

Turin 2 

Netherlands: 
AH 

Norway: 
Oalo 2 

Portugal: 

Liebon 4 

Opporto 8 

Scotland: 

Aberdeen U 

Edinburgh 1 

EdieD 1 

Glasgow/Renfrew 1 

Londonderry 1 

Preetwick U 

Shetland Islands U 

Stornoway U 

Thurso 1 

Spain: 

Barcelona 2 

Bilbao 2 

Madrid 

Rot* 1 

San Pablo U 

Seville 2 

Zaragoaa U 

Sweden: 

Goteborg 2 

Stockholm 1 

Switzerland: 

Bern 2 

Geneva 1 

Zurich 2 

NORTH AMERICA 

Canada: 

ArgentiaNAS 2 

Churchill, Man 

Cold Lake, Alb 1 

Edmonton, Alb 1 

E. Harmon AFB 2 

Fort Williams, On t 

Frobiahor.N.W.Ter 

Gooee Airport. 

Ottawa, Ont 2 

St.John'eNfld 2 

Toronto, Ont 1 

Winnipeg, Man 1 

Greenland 1 



SOUTH AMERICA 

Argentina: 

Buenos Aires . 
Brasil ' * 

AH 

BoUvia: 

UPai 

Santa Crus... 
Chile: 

Santiago 

Colombia: 

Bogota 

Ecuador: 

Quito 

Guayaquil. . . . 
Paraguay: 

Am 
Peru: 

Lin 

Pfura 

Uruguay: 

Montevideo 

Venasuekv 

Maracalbo 

Caracas 

PACIFIC OCEAN AREA: 

Australia: 

Canberra 

Melbourne 

Perth 

Sydney 

Carolina Island*: 

Koror, Paulau la. . . . 



Fiji- 

Sura. 

Johnson Island . , 

Guam 

Kwajalem 



Tmian 

Marshall Islands . 
Midway Island.. 
Nsw Outnea: 

PortMoreeby.. 
Nsw Zealand: 



Wellington 

PhlM^slands: 
Cebu 



Baguio 



.U 



Volcano Itlandt 
Wahs Island.... 



,U 
.0 
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a From* Specifications. (The design require- 
ments are covered in chapter 7.) 

(1) Concrete From* Type A. Ductile moment re- 



(4) Mission essential and primary communica- 
tion or data-handling facflitiee. 

(6) Facilities involved in operational missile 
control launch, tracking or other critical defense 



(6) Facflitiee involved in handling, processing, 
or storing sensitive munitions, nuclear weaponry or 
, gas and petroleum fuels, and chemical or 



6. High Risk a » 1S& Those structure are 
where primary occupancy is for assembl y of a large 
number of people, where the primary uss is for 
people that are confined (e«., prison), or where eerv- 
iess are provided to a large area or large number of 
other buildings. Buildings in this category may suf- 
> in a large earthquake but are recognised 
[ a higher level of safety than the aver- 
age building. Typical examplee are: 

(1) Buildings whose primary occupancy is that 
of an auditorium, a recreation facility, dining hall, or 
■ which is subject to occupancy by more 



(2) Confinement facflitiee (*g.» prisons), 
(8) Central utility (power, heat, water, 

that are not covered by paragraph a(8) above, 

that serve large areas. 

(4) Buildings having high value eq uip me n t 
i Justification provided by using agency. 



c Att Others (I ■ 1.0k This includes all struc- 
tures not covered by the above categoriee. 

9-4. Summary of approved structural sys- 
tarns. The minimum vahiee of the base shear 
coefficient K are set forth in table 8-8. Table 8-7 is 
pravidsd as a guide to interpret table 8-8 and to 
summarise the approved structural systems for 
o^ifw»v» Zone 1, s«rf"Tiir Zone 2, and s*rf«™te Zonee 8 
and 4. The designations used for frame and wall 
specifications are described below. Note that the 
wall sp ec ifl c a ti o n e inclnds braced frames 



(2) Concrete Frame Type B. Moment resisting 
specs frame. Qualifies as a ductile moment resisting 
specs frame in Seismic Zone 1 only. May be used as 
a lateral fores resisting system in Seismic Zone 2 
with certain height and K limits. 

(8) Concrete Frame Type C Moment resisting 
specs frame. May be used as a lateral force resisting 
system in Seismic Zone 1 only for buildings lees 
than 80 feet in height 

(4) Concrete Frame Type D.VertkslloeAcsarry- 
ing specs frame in accordance with ACI 818-77. 

(6) Steel Frame Type A Ductile moment resist- 
ing space frame. 

(6) Steel Frame Type B. Moment resisting 
space frame. May be used as a lateral force resisting 
system subject to certain height and K limits. 

(7) Steel Frame Type C Vertical load carrying 
space frame in accordance with AISC Specifica- 
tions. May be used as a moment resisting specs 
frame lateral force resisting system in Seismic Zone 

1 only for buildings lees than 80 feet in height. 

(8) Wood frames. 

b. WaU Spedfications (Includes Braced Frames). 
(The design requirements are covered in chapter 6.) 

(1) Shear WaU Type A Concrete (or steel) shear 
walls with vertical boundary elements. 

(2) Shear WaU Type B. Concrete shear walls. 
(8) Braced frames. Steel or concrete. 

(4) Masonry. Masonry sheer watt. When ma- 
eonry shear watts are used ae part of a dual system 
in Seismic Zonee 2, 8, or 4, vertical boundary mem- 
bers are required 

(6) Wood. Wood stud shear walls with plywood 
or diagonal wood sheathing.** (Afotr Stud watt 
ehear watts other than thoee listed above limited to 

2 etoriee with K > 1.88. See Stud Walls below.) 

(6) Stud wails. Wood or metal stud walls that 
comply with chapter 6, paragraphs 6-5 and 6-6. 
"See footnote on the bottom of table 8-8 for 1980 
SEAOC modification. 
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CHAPTK4 
DiSIGNPHOCEDUtE 



4-1. Purpose end scope. This chapter dcocriboo 
a general p roced ure for tl» design of buildings to ra- 
cist ths earthquake lateral farces spsdfisd in duqh 
tar 8, DssignCHtaria. l ¥ocod ur ra far d es ignin g 
detailing of structural element* of buildings are 
mora fuDy discussed in chaptara 6 through 8. De- 
tailed examples for specific types of stnu^irss are 
included in the appcndicoo of thio manual. 

4-2. Preliminary design. The preliminary seis- 
mic design of the structure requires sits investiga- 
tions, conceptual planning with the architect and 
this mechanical and electrical engineer* selection of a 
workable structural system, and selection of trial 



a Site Investigation. Before p roceed in g with the 
design of a building, the engineer must know the 
seismic sons, the foundation conditions and has- 
arde, and the tsunami generation characteristics (re- 
fer to chap 2, para 2-7). In soms casss gootcchnical 
data may be required to determine T t (refer to para 
4-V). 

b. Conceptual Planning. Collaboration of the ar* 
fhitftrt and structural, mechanica l, an d electrical en* 
ginesrs is required to establish a concept far the 
overall building system, to sslsct the materials of 
and to reconcile the conflicting re- 
i of architectural structural, mechanical, 
and electrical sytems (refer to chap 2 9 para 2-8). 

c Selection of Structural System. Before select- 
ing the structural system, a familiarity with the 
terhniqnss and application of seismic design is as» 
ssntial (rsfer to chap 2, para 2-9). Also the possibil- 
ity <rf foture ezpanskm must be consklsred (chap 2, 
para 2-11). The limitations on structural systems 
(chsp 8, para 8-8 and 8-6) and the special require- 
ments far ductility, tall buildings, concrete frames, 
braced frames, shear walls, concrete and masonry, 
diaphragms, fo undations, and exterior elements 
(chap 8, paragraph 8-8(J)) must be reviewed. 

d Selection of Trial Structural Member Si**. 
Soms of the struct u ral members of a building are 
go ver n ed by the gravity load design and are not af- 
fected by the seismic loads. For thsse m embe rs the 
iwiDhara been determined by the usual require* 
i far dsad and live loeds. For the sisss of mem- 
bers that farm the seismic lateral farce-resisting 
system, a trial and error process is required becauee 
of thsmsgnituds of ths design forcee depends on the 



period of the building while the period depends on 
the weight and stiffneee of the building. First, trial 
design lateral forcee are obtained from approximate 
calculation of period and weight. Next, trial member 
sisss are sslected using ap pr oxim ate calculatione 
and judgment Finally, a preliminary analysis is 
mads, and the trial sisss are confirmed or revissd. If 
there are substantial revisions to the initial trial 
sisss, the response characteristics of the structure 
will change and a rsanalyaismsy be r eq uir ed 

4-3. Minimum earthquake forcee. Every 
building wfll be designed far lateral seismic forcee, 
acting nonco nenrr sntly in the direction of each main 
axle of the structure (also, sse pen 4-4c). As a mini- 
mum, the total forces (V - ZIKCSW) specified (n 
chap 8, para 8-8(D),will be spplisd to the structure 
as a whole and will be distributed to the various 
levels of the structure as prescribed in chapter 8, 
paragraph 8-8(E). The coefficients Z, I, K, C, and 8 
depend on the seismic sons of the site, occupancy 
importance, type of lateral resisting systsm (e*„ 
shear wall or specs trains), the period of the struc- 
ture, and the sits characteristics, reepectively . W is 
the effective weight of the structure. Theee, as well 
as other symbols, are defined in chapter 8, para- 
graph 8-8(C), and methods far determining their 
valuss are discussed below. Some basic terminology 
is defined in chapter 8, paragraph 8-8(B). A graphic 
repreeentation of seismic forcee is shown in figure 
4-1. The product of ZIKCS can reoult in an upper 
limit of 0.28 far buildings in soms of the highest 
eeismidty. The lower limit far ZIKCS in any of the 
four seismic sonss is 0.016. 



a Z-Factor. Ths factor Z, which rsprssents the 
seismidty of the site, is equal to or less then 1.0. It 
ie obtained from chapter 8, table 8-1, and is depend- 
ent on the seismic sons maps of chapter 8, para- 
graph 8-4. For California and Nevada ues the map 
in figure 8-4; the other Contiguous Statee, Alaska, 
and Hawaii ues the maps in figuree 8-1, 8-2, and 
8-8, respectively. Seismic sonss far specific araao 
within the United Statee are tabulated in table 8-6. 
For localities outsids the Unitsd Statss rate to the 
tabulation in figure 8-6. The boundary Unee an ap» 
proximate. If there is soms uncertainty about the lo- 
cation or the eeismidty of the site, the larger 
berwiDbeuaed 

6. /-Factor. The value of the factor I is 
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3, table 8-2. The values range from 1.0 to 1.5. Exam- 
ples of various occupancy classifications are given 
in chapter 3, paragraph 3-6. When thane is soms 
doubt regarding the proper value of the I-fector,tb» 
decision wffl be made by the Deeign Agent. 

c K-Factor. The factor K rcpreoente the type of 
structural system and the nature of the structure 
iteelf. The value of K, which ia obtained from chap- 
ter 8, table 3-3, variee from 0.67 to 1.33 for build- 
ings and from 2.0 to 2.6 for structures other than 
buildings. Buildings that are considered to posssss 
considerable inelastic deform at ion ability and/or 
have inherent redundancy are aooignod the lower K 
valuee. Buildings that tend to be mora brittle and 
lack 1 redundancy jaraaeaignod^ 
i> f tt ip i t ^ t to a certain extent, is aleo c o n sid ered in 
the Rvalue. Whsraaa buildings generally have a 
multiplicity of nonstructural and noncomputed 
emente that effectively incraaae the ro- 
of the structure, etructurae other than 
generally do not have audi elemente or 
have tow damping characteristics and are aeeigned 
K-valuco. A summary of approved struct u ral 
i for each of the seismic sonss is providsd in 
table 8-7 of chapter 8. Although the selection of the 
is generally a simpls procooo, for eome 
it may be complicated by unusual com- 
of materials, height limitations, ductility 
r s ouire ment e, and othsr spscial r s quirs ment o. In 
the following paragraphs eeveral of the parameters 
that influence the K'factor are diecussed ae a guide 



(1) SoUmic sons. The tequira me nt e for the K- 
valuee vary slightly for the different seismic sonss. 
In Zone 1, there are fewer restrictions on buildings 
over 160 feet in height. In Zonee 1 and 2 there are 



(2) Htight of building. Some spproved strue- 
tural systems are restricted by height limitations. 
Buildings over 160 feet in height must be ductile 
mo m s nfrra sleting specs framss (K ■ 0.67) or dual 
qrstems(K ■ <MX»; however, eome exceptkms are 
eDowed for Zone 1. Some space framee thac do not 

^^■^^^^^^*» ^^^^^^^^■■^W vBV^^^MHM^ m ^^^■^M^ ^^^^^^^^^^^^F vbb^f ^^hbmv^^^^v ^^r 

80 lest; reinfcvced masonry walls are limited to 80 
lest in height; and wood buildings are limited to 
three storiee or 40 feet in height. 

(8) Combinations of K-vahio*. If K - 1.33 is 
used in o n e dire cti on of a building, it must be used in 
both directions. For other valuee of K, it need not be 
the eeme in both directions. Generally the K-value is 
constant throughout the height of the building. 
Whmtshangs of structural system doss occur (a*, 
sUri ftm en concrete cheer walla, wood box eye- 



TM*-a0t-10 

NAVFACP-96S 

AFM 66-3, Chop. 13 

tern on a concrete box systsm), the K-yalue at the 
lower level cannot be lees than the K-value of the 
system above, and spscial considsration must be 
given to the transition from ons system to ths other 
to assure sufficient load transfer capacity and in- 
elastic deformation capability. 

(4) Vortical toadoarrying $y$um. If the build- 
ing doee not have a complete vertical load-c ar ry in g 
specs frame, it is considsrad to be a box systsm and 
has K « 1.33. In other words, if shear walla are 
used to support the vertical floor loads, K ■» 1.83. 
Ia order to uss a value of Klees than 1.38, the build- 
ing must have a vertical load-carrying apace frame 
that ia deeigned to carry ssssntiaHy all vertical 
loads. However, eome exceptions are acceptable 
such as a minor load-bearing wall that doee not aig» 
nificantly influence the lateral force characterietice 
of the building. Aleo, basement wall* below the level 
considered aa the base of the building may be bear- 
ing for loads originating at such level The ttst for 
qualifying ae a vertical load-carrying space frame is 
to determine whether or not the building can eup- 
port the vertical loads if the sheer walla are eeri- 
ously damaged during an earthquake. 

(6) Lateral foreo^rooUting $y$tom. The lateral 
foros-rasisting system for a building ia sithsr W± 
box systsm (table 8-8, Categoriee 6 and 6, sheer 
walls or braced framee without a comp le te vertical ' 
loadcarrying apace frame), (b) a sheer wall (or 
braced frame) system with a noneeismic-reeistfigi 
vertical load-carrying specs frame (table 8-8, Gate- 
gory 4), (c) a dual systsm consisting of both shear 
walls (or braced framss) and a lateral fdrce-rseisting 
frame (table 8-8, Category 8), or (d) a 



systsm— ductile moment-rooisting or momsnt-re- 
sisting typss (table 3-8, Categoriee 1 and 2). Theee 
lateral fo rce-resisting systsms era rsdaectflod in 
table 3-7 to account for the various requir eme nt s in 



(6) Buildtng$notcta$tiflodobovo. Any building 
deeigned within the ecope of thie manual must qual- 
ify under ons of the daesiflcations defined in chap* 
ter 8, table 8-8, or table 8-7, or diccucood above. If 
thara is doubt as to which of two cl assi fies ti o n sgov^ 
era, the one with the larger value of K should be 
need. If the building doee not appear to be covered 
by any of the daeoificatione, the i 
must be modified to conform to i 
ttons itt j ustificat i o n must be made that the i 
tural system wffl satisfy ths intent of ths seismic ds- 
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bration. The building period referred to in the seis» 
mic provisions of this manual is the fundamental 
period of vibration for each of the two franslational 
directions of the building (e.g M transverse and longi- 
tudinal directions). In the fundamental mode the 
building acts as a cantilever essentially fixed at the 
base, swaying first to one side and then to the other 
side. The calculation of the period, in accordance 
with formula 3-3, requires a knowledge of the lat- 
eral stiffness characteristics of building (i.e., force 
versus displacement relationship). The fundamental 
period of vibration, T, in each direction of the pro- 
posed structure, is required in order to determine 
the C-factor, the S-factor, and in some cases to deter- 
mine the force distribution, Ft, at the top of the 
structure. Because the above factors must be known 
during the initial design stage when the sizes and 
details of all the structural elements may not have 
been established (thus the stiffness characteristics 
are not know), an estimated initial value of T must 
be used. The estimated value need only be accurate 
enough to establish reasonable values for C, S, and 
Ft. The product of CS will be underestimated if the 
assumed building period is too long, therefore, the 
estimated period should be cm the short side in order 
to be conservative. At the final design stage, the 
period must be checked so that C and S values used 
in the design are either conservative or consistent 
with the final period. The sensitivity of these factors 
is discussed in more detail in paragraphs 4-3*; f, 
and £ and 4- 4a 

(1) Period for low-rise buildings. For most low- 
rise buildings (e.g., up to 5 stories with periods 
shorter than 0.5 second) the calculation of T is not 
necessary because C and CS are at their maximum 
values and Ft is equal to zero. Refer ta paragraph 
4~3g for additional discussion. 

(2) Initial period estimation. As an initial step 
to estimate the building period in the fundamental 
made, the use of Formulae 8-3A and 3-3B, as speci- 
fied in chapter 3, paragraph 3-8(D), is acceptable. 
Theee empirical formulae rely only on basic building 
dimensions and the number of stories so that they 
are easy to apply at the initial stage of the design. 
The resulting period is generally shorter than the ac- 
tual period; thus it can be safely used for the final 
design. However, if feasible, a mora accurate esti- 
mate of the period should be made after the member 
sizes of the lateral-resisting system have been deter- 



(8) Alternate method for initial period estima- 
tion. For eomo structures, member sizes are con- 
troUsd by limits on lateral drift (e.g., chap 3, para 
3-3(H)l) rather than by stress limitations. This con- 



dition generally applies to structural steel \ 
resisting specs frames systems with nonpnrtki- 
pating walls and partitions. If the drift Kmif^n-« 
are used as a basis for determining a predesign ini- 
tial period estimation, precautions must be ob- 
served in order not to underestimate the total lateral 
force by estimating a period that is longer than the 
actual period. After member sizes have been deter- 
mined, the period must be recalculated as described 
in paragraph (4). The limiting values of paragraph 
(5) wffl be applicable (refer to Design Example A-8). 
(4) Period c al c ul at ion. When formula 8-8 is em- 
ployed (see fig 4-2), the most difficult part inv o lv es 
the determination of the story displacements ft). 
The story weights (wi) are relatively simple to esti- 
mate, and almost any set of story fdrcss (f|) can be 
used (e.g., the inverted triangular distribution such 
as obtained from formula 3-7 usually gives good re- 
sults), but the corresponding lateral story displace 
mente must be calculated. The basic objective most 
be a realistic approach to calculating tbe actual 
period— rather than tbe manipulation of the struc- 
ture model so as to obtain a "calculated" bat non- 
valid long period and low base sheer. For simpls 
structures, the lateral dis p lacem e nts req uir ed for 
Formula 8-3 can be obtained by hand calculation 
methods. For complex structures, the calculations 
for lateral displacements become lengthy so that the 
aid of a computer program is normally need. Some 
programs that calculate member forces and frame 
deflections include a calculation of periods and made 
shapes. Calculations must take into account all ele- 
ments which stiffen the structure even If they are 
not part of the seismic-resisting system. (Note: The 
assumption f or the stiff* structure is need to calcu- 
late the period for determination of lateral force 
coefficients, but it is unconservative to use this as- 
sumed stiffness to satisfy drift r eq uir ements as dis- 
cussed in para 4- 6a) 

(6) Maximum value for period Using en un- 
realistically long period for calculating the coeffi- 
cients C and S can result in an u n co ns e rvativ e de- 
sign. Because of tbe many parameters involved, it Is 
difficult to establish a hard and fast rule for what 
tbe maximum value of tbe period T should be. The 
SEAOC Commentary advisee a thorough examine- 
tkm if the calculated T exceeds 0.5N**, where N Is 
the number of stories above the base to level n.TUs 
formula results in periods ranging from 0.8 eeeond 
for a two-story building to 3.0 seconds for a 16-etory 
building. Even theee periods are felt by eomo engi- 
neers to be too long. The Applied Technology Com- 
dl (ATQ, in publication ATC 8-06, 'Tentative fto- 
visions for the Development of Seismic Regulations 
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sign lateral fact be based on a maximum value of T 
equal to 1.4 Cnh ll a/4 f wbera hn is the height of the 
building in feet and Cr «■ 0.026 for concrete frames 
and Cr «■ 0.036 for steel frames.* For steel frame 
buildings, the formula results in periods ranging 
from 0.6 eocond for a two-story (24 feet) building to 
2.4 seconds for a 15-story (180 feet) building. In this 
manual the ATC formula is suggested as a limiting 
value for the psriod T for use in calculating the C 
and 8 coeffic'e;^*. in lieu of more current data. How- 
ever, the designer must not use the above formulas 
for astJmating the psriod used in design. The for- 
mulas are only to be used to check against the value 
of T calculated from the actual building properties. 

t. C-Factor. The factor C is dependent on the 
psriod T of the structure as shown in formula 3-2, 
chapter 3. The maximum value of C is 0.12, which 
occurs for all valuss of T lees than 0.31 eocond. At 
the other extreme range of the scale, where T is 6.0 
seconds (say a 60-story building), the value of C is 
0.08 or about one-fourth of the tnawimnm value*. 
Table 4-1 below gives some values for C as a func- 
tion of T. This table may be used in lieu of formula 
3-2. The factor S is also dependent cm the period T. 
Refer to paragraph 4-3g for combined CS factors. 

f. S-Factor and 7V The factor S is dependent on 
the ratio of building period (T) to characteristic site 
psriod (T t ) as shown in formulas 3-4 and 3-4A, 
chapter 3. The value of S may vary from 1.0 to 1.5. 
The maximum value occurs when T - T t . To use 
less than the maximum S, values for both T and T t 
must be substantiated. For guidelines for determin- 
ing t, refer to paragraph 4-3d above. In order to de- 
termine a value for T 8v a geotechnical investigation 
may be necessary (for guidelines for determining 
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T* refer to "SEAOC Standard No. 1, Determination 
of the Characteristic Site Period, T„" Appendix 
B of the SEAOC Recommendations), 
for most low-rise buildings (e.g. 9 T < 0.8 
wbers the difference between the minimum and 
maximum effective S value is only 6 percent, ths 
maximum value is used and T t need not be deter- 
mined (refer to para 4-8g). For taller buildings 
where T, can affect the bw shear coefficient by as 
much ae 60 psrcsnt, it may be worthwhile to have • 
geotechnical investigation made. On oomo sitee ths 
valuss of T t may be obvious without a detailed in- 
vestigation. For example, if the building is to be 
located on a firm site, T t will be 0.6 eocond. A firm 
site is defined ae a site whsre bedrock is within 10 
feet or where thsre is very dsnss granular soils. At 
the other snd of the scale, whsre there may be over 
600 feet of donee sand or over 300 feet of consoli- 
dated day, T t may be about 2.6 seconds. Whsn a 
geotechnical investigation is made, T t might not 
always be pre ee nte dae a simple value, but might be 
r epreee nt ed by a reasonable range of vahiee. When 
this occurs, the building psriod must be co mpar ed 
with the range of T t vahiee to obtain the highest 
value for S. 

(1) BxampkfbrT 9 givma*arang*ofvalu*$.It 
T t is given to be in the range of 1.0 second to 1.6 
seconds, then: 

(a) For a building with a psriod shorter then 
1.0 second, use a T § value of 1.0 eocond. 

(bf For a building with a period longer than 
1.6 seconds, use a T § value of 1.6 seconds. 

M For a building with a period within the 
range of 1.0 to 1.6 seconds, T/T t will be taken to 
equal 1.0 and S will equal 1.6. 

(2) Tabk for S-factor. Table 4-2 below gives 
some vahiee of S ae a function of T/T § . This table can 
be used in lieu of formulae 3-4 and 3-4A. Refer to 
paragraph 4-9fc below, for CS factors combined 
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(3) Toiid T f J^totfon* for the calcuktion of S. 

(a) If the psriod of the building it shorter than 
0.3 second, use T » 0.3 second. 

(b) T t will ranfe from 0.5 second to 2.5 



M If Tie longer than 2.5 seconds and T t is un- 
known, use T t « 2.5 1 



g. Combined CS Factors. The product of C and S 
factors deecribee the general relationship of base 
sheer coefficients to building period of vibration (Z, 
I, and K are independent of T). CS ranges from a 
i^^mnm f 0.140 for short period buildings to a 
value of 0.027 for a building with a psriod of 6 sec- 
onds (such as for a 60-story building). Table 4-3 
givee eomo values of CS as a function of building pe- 
riod (T) and sits characteristic psriod (TJ. Figure 
4-8 illustrates the relationship of CS to T graphi- 
cally, showing the maximum and minimum CS 
valuee. Note that for some building periods, CS is 
not vary sensitive to a variation in T t . 

h. WsightW, the total dead load and applicable 
portions of other loads, rsprsssnts the total mass of 
the building. It includes the weight of the structural 
slabs, beams, columns, and walls as well as non- 
structural components such as partitions, ceilings, 
floor topping, roofing, fireproofing material, and 
fixed electrical and mechanical equipment. When 
partition locations are subject to change, a uniform 
distributed dead load of 20 pounds per square foot 
of floor space is used. Miscellaneous items such as 
ducts, typical piping, and conduits can be covered 
by an additional 1 or 2 pounds per square foot. In 
storage areas, 25 percent of the design live load shall 
be included in the seismic weight W. In areas of 
heavy snow loads, some or all of the design snow 
load must be included (refer to chap 3, para 
3-3(D)5c). At the initial stage of design, the esti- 
mated weights of the structural members will be 
used After the final sizes of structural members are 
s ele ct e d , the actual weights must be compared with 
the estimated weights. In addition to determining 
the overall weight W, the designer must determine 
tributary weights at each floor for both vertical and 
horisontal distribution. Therefore, the calculations 
for W must be done in an orderly manner so that 
tributary weights as well as the overall weights can 
be accounted for. 

(1) Vertical distribution. For vertical distribu- 
tion, the weight "w E M that contributes to story level 
"x" is calculated separately for each floor (rate to 
chap 8, para 3-3(E)). This generally indudee the 
weight of the complete floor system, phis one-half 
ths weight of the story walls and columns above the 
floor level and one-half of the weight of the story 
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walU and columns below the floor level If partitions 
are laterally supported top and bottom, their weight 
is divided between the two floor levels; however, if 
the partitions are free standing, the total weight is 
included with the supporting floor level 

(2) Horizontal distribution. The horisontal dis- 
tribution of weight at each floor level Is req uir ed in 
order to calculate the center of mass (chap 8, para 
3-3<E)5) and the diaphragm forces (chap 8, para 
3-3<J)2d). The weight of the diaphragm and the ele- 
ments tributary thereto (designated Wj« in formula 
3-9) include the floor system, tributary weights of 
walls and partitions, and other elements attached to 
the diaphngm. The weights of the shear walls (and 
items attached thereto) that act in the same direc- 
tion under consideration for the H^pk^jm^ um i 
not be included in the weight of the HtapK—gi ^ 
lees there is vertical diacontinuity audi that redistri- 
bution of the shear wall weight to other shear walla 
Is required. The horisontal distribution gensrally 
consists of a combination of uniform and concen- 
trated weights along the length of the floor plus con- 
centrated weights tributary to the shear walls at the 
shear walls (see fig 4-4). 

(3) Summation. The sum of the horisontal die» 
tributkxn weight (in each direction of motion) will be 
equal to the story weight, and the sum of the story 
weights equal the total weight W of the building, ex- 
cept that the bottom half of the first story generally 
distributes itself directly to the base and is not 
necessarily included in the weight W (fig 4-2). 

4-4, Distribution of forcos. The total latere) 
force is distributed throughout the building in a 
manner that simulates the behavior of the building 
during an earthquake. 

a. Story Forcss. The distribution of the lateral 
force vertically along the height of the building is 
determined by formula 3-7 (fig 4-1) except for thoee 
buildings that are considered irregular. A sample 
format for determining story forcee is shown in 
table 4-4. The procedure given is baaed on the as? 
sumption of a uniform building and is aimed at a 
reasonable evaluation of the relative m^wy 1 ™) 
story shear (e.g., column (9) in table 4-4) envelope 
that will occur. 

(1) Ragular buildings with T < 0.7 seoond 
When the period of the building is lees than 0.7 sec- 
ond, F t will be equal to asm. Then formula 3-7, the 
vertical distribution equation, will reduce to the fol- 
lowing: 



F*« 



(£> 



(4-1) 
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Table 4-3. CS at a Function of T and T 
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<0.3 
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1.50 


.140 
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.106 
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.081 
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.027 


1.75 
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.094 
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2.00 
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.027 


2.50 


.133 
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.046 


.036 


.027 
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.057 


.046 


.036 
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FOOTNOTES TO TABLE 4-3 



(1) // Tit staffer tta A J secoiio^Thk category cov^ 
or three stories. Whsn T it lsss than 0.8, the product of CS ranges lnmiOJ83to0.140.UiileMT t itlaiowntobeloiigtrthanl.76Mcoiids. 
ueeCS - 0.14. 

M At this period range, C equals 0.1 2. 

(hf The effe cti ve value of 8 rangss from 1.11 to 1.17. Thara is only a 6 parcant difference betwaan maximum and minimum. Tha 
minimum value of TTT t equals 0.8/2.6 equals 0.12; thus, from tabla 4-2, tha minimum 8 equals 1.11. Tha maiimum valua of CS is 0.14 
and C is aqual to 0.12; thus, tha maximum valua of 8 aquals 0.14/0.12 aquals 1.17. 

M Soma low riat momant rasistant staal apaca framas may hava cakulatad pariods graatar than 0.8 aacond. If tha longar pariods 
an aubatam^iatad, a amaDar valua for CS nuiy ba j^ 

IS) If TU •bout 06 second This catagory ganaraDy oovars shaar wall buildings in tha ordar of asvan storias with a 60-foot bass di- 
manaionar 10 storks with a 100-foot bass dimension and frame structures up to five stories. CS ranges from 0.111 to 0.140. If T, is un- 
known or if tha building is located on a i^tively finn«He,ustCSequa]to0.14. Ittf a 
eecond, it may be worthwhile to substantiate a value for T t m order to use a value of CS less than 0.14. 

(S) IfTUb*tm*n0.6$*condamdl.0$*coML In this period range the values of CS are quite sensitive to period variationa, ranging 
from 0.14 to 0.06 (fig 4-4). The value of S will range from 1.2 to 1.6, depending on the various combinations of T and T r The value of C 
wffl range from 0.004 to 0.067 (table 4-1). 

(4) IfT Is 1.0 to 1.6 seconds. Unless it can be subatantktad that tlie building is located on a m^ 
value wffl be withm about 10 percent of tha maiimum values shown in table 4-8. 

W If Tti 2.0 to 4.0 bscomU In this building period range, the difference between a film siu snd a soft siu can affect CS by a factor 
of 1 A timrefore, tha coats of substantiating the value of T, may be justified. 

W IfTU greater tkon 6 seconds. When the building period is loiigor tlian 6.7 ooc 
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The story force P» is distributed horixontally at 
level sin proportion to its mess distribution at that 
level (rete to pen 4-3A(2) and fig 4-4). 

(2) Regular building with 7X>.7 second When 
the period of the building is greater than 0.7 second, 
a lateral force Ft, as determined by formula 3-6, is 
applied to the top level of the structure, usually the 
roof. Ft will vary from 6 percent (T « 0.7 second) 
to 26 percent (T>3.6 seconds) of the lateral force V. 
The remaining portion of the force (V • F t ) is distrib- 
uted throughout the height of the structure in 
accordance with formula 3-7. The total applied force 
at the top level of the structure wffl be F t -h F D , 
where F B is the value of F obtained from formula 
3-7 for the top level Y (see fig 4-1). 

(8) Additional comment* on F t The rationale 
for Ft is based on the following assumption: For 
buildings with periods greater than 0.7 second (e.g., 
tall and/or flexible structured, the fundamental 
made shape may depart from the straight-line as- 
sumption (formula 4-1) and the effects of higher 
modes of vibration may become more significant. To 
account for this, a greater portion of the lateral force 
is assigned to the top of the structure by use of Ft 
from formula 3-6. This additional force is intended 
to increase the shear force and the equivalent story 



acceleration at the upper stories; however, in some 
cases the strict application of Ft may result in exces- 
sive forcee for roof diaphragms and excessive 
overturning moments at foundations. To lessen 
these effects tot diaphragms, chapter 3, paragraph 
3-3( J)2d, places a limit of 0.30ZIw ps on the required 
diaphragm force; and for overturning moments at 
foundations, the SEAOC Commentary suggests 
that F t may be neglected, A better approximation of 
the force distribution may be made by using the 
principles of dynamics which include the significant 
modes of vibration (see para (4) below). 

(4) Irregular and setback buildings. For irregu- 
lar structures or framing systems (chap 3, para 
3-3(E)3) or tot setback buildings (chap 3, para 
3-3(E)2), the lateral force cannot be distributed in 
accordance with the arbitrary rules for uniform 
buildings that are contained in formulas 3-6 and 
3-7, but must be distributed by a rational procedure 
that takes into account the stiffness properties of 
the lateral force resisting system, the mass distribu- 
tion, and the principles of dynamics. Refer to 
SEAOC Recommendations, appendix C, for pro- 
poeed provisions on setback buildings. Conditions 
of irregularity that require special design proce- 
dures include the following: 
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(a) Buildings with irregular configuration in 
plan or in the vertical dimension (e*g., L% U-, and T- 
plan and setback buildings). 

(b) Buildings with abrupt changes in lateral 
resistance within any level or between adjacent lev- 
els (e.g. v discontinuity of shear walls or columns). 

(c) Buildings with abrupt changes in lateral 
stiffness within any level or between adjacent levels 
(e.g., large change in size of shear walls or column 
piers). 

(d) Unusual or novel structural features. 

6. Overturning. The overturning effects are deter- 
mined by applying the story forces obtained from 
formulas 3-6 and 3-7 as illustrated in table 4-4 and 
figure 4-1. The structure must resist these forces in 
accordance with chapter 3, paragraph 3-3(F). In 
moment-resistant frame structures, the overturning 
is resisted by a combination of coupled axial column 
forces and bending moments in the column. In shear 
wall buildings, the overturning moments are re- 
sisted by bending in the shear walls. When shear 
walls are linked together by beams, axial forces are 
transmitted to the shear walls. The distribution 
between the resisting axial overturning forces and 
bending moments are dependent on the relative 
stiffnesses of horizontal and vertical structural 
elements. Accurate determination of the resisting 
forces can be complex; therefore, approximate 
methods are generally used. One method may be 
used for calculating the axial forces and another 
method may be used for calculating bending mo- 
ments and shears to assure that the structural 
dements are not underdesigned. The forces for the 
columns and shear walls must be transmitted to the 
foundations. In zones of high seismkity, the appli- 
cation of the design forces create an apparent over- 
turning instability condition that is difficult to rec- 
oncile with observations in past earthquakes The 
SEAOC Commentary suggests supplemental crite- 
ria for determining overturning to the foundations 
(also refer to para 4-4a(3) and 4-8). 

c Direction of Force 
(1) Horizontal forces. In general, the horizontal 
design earthquake femes are applied nonconcur- 
rently in the direction of each of the main axes of the 
structure (chap 3, para 3-3(D)). However, in some 
cases a more severe condition may occur when the 
force is applied at a horizontal direction not parallel 
to the main axee. For some elements of a building, 
the effects of concurrent motion about both princi- 
pal axes should be investigated 

(a) Building* An independent design about 
each of the principal axes will generally provide 
adequate resistance for forces applied in any direc- 

4-11 



tion. Special consideration must be made at ontsids 
corners and re-entrant corners for the vulnerable ef- 
fects of concurrent motions about both pri ncip al 
axee. An approved procedure for investigating the 
effects of concurrent motion cm the vulnerable ele- 
ments is to combine the seismic forces actios ™ *** 
direction on one axis with 0.3 timee the force effects 
resulting from the seismic forces acting in the 
direction perpendicular to the first axis. 

(b) Structures other than buildings. For struc- 
tures circular in plan, such as tanks, towers, end 
stacks, the design should be equally resistant in all 
directions. For four-legged structures substantially 
square in plan, seventy percent (70%) of the pre- 
scribed forces should be applied concurrently in the 
directions of the two principal axes, especially for 
purposes of designing for overturning effects on col- 
umns and foundations. 

(2) Vertical forces. Vertical components of 
ground motion are not usually calculated but con- 
sidered to be accounted for in the difference between 
the vertical load capacity and actual vertical loads 
and in special provisions using reduced dead loads. 
Such provisions include the 0.9 factor for dead load 
in chapter 6, formula 6-2, and chapter 7, formula 
7-2, for considering the minimum gravity loads 
(chap 3, para 3-3<J)2c). These reduced loads apply to 
axial compression due to gravity in concrete col- 
umns and walls when subjected to seismic bending 
moments and uplift forcss and to beam bending 
moments due to gravity when combined with 
seismic bending moments in the opposite direction 
(i.e., bending moment reversal). 

fa) Horizontal elements. In Seismic Zonae 9 
and 4, special considerations must be given to the ef- 
fects of vertical accelerations on h o ri aon t al pre- 
streesed elements (eepecially thoee with draped pre- 
stressing) and horiaontal cantilevers (chap 3, pars 
3-3(A)4). An approved procedure for investigating 
the effects of vertical accelerations for the horiaon- 
tal prestreessd elements is to rely on only fifty per 
cent (60%) of the dead load as a minimum gravity 
load when applying the lateral forces. Horiaontal 
cantilever element a should be checked for the cape- 
dty of the elements to resist a net upward force of 
twenty percent (20%) of the dead load. 

fb) HoUtdowns. In Seismic Zooas 3 and 4, the 
design of hold-downs to resist bending moments sad 
uplift forcee will use a maximum of 0.9 of the dead 
load for gravity reaistance 

d Path of Forces. All of the inertia forcee origi- 
nating from the messes on and off the structure 
must be transmitted from their source to the baee of 
the structure (see fig 4-5 and 4-6). 
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(1) Forcee normal to the plane of a wall must be 
transferred either vertically to the floors above and 
below or horixontally to framee or shear walls. These 
forcee will be governed by formula 3-8. 

(2) Diaphragms acting as horiiontal beams 
must transfer inertia forcee to the framee and/or 
shear walls. These forcee will be governed by formu- 
las 3-9 and 3-9A. In some cases, the diaphragm 
forcee are transferred to a collector member (or a 
drag strut). This strut load must, in turn, be trans- 
ferred to the shear wall. 

(3) Framee and shear walls must transfer forcee 
contributed from the diaphragms as well as their 
own inertia forcee to the foundations. Theee forcee 
are governed by formulas 3-1, 3-6, and 3-7. 

(4) Forcee applied to the foundations by the 
shear walls and framee must be transmitted into the 
ground. See paragraph 4-8 for design of founda- 
tions. 

(5) Connections between all elements must be 
capable of transferring the applied forcee from one 
element to another. Special design requirements for 
connections are reviewed in paragraph 4-6. 

e. Rigidity Analysis 

(1) Horizontal forces. For rigid diaphragms, 
the horiiontal forces are transferred to the vertical 
framee and shear walls in proportion to the relative 
rigidities. When all the vertical elements (framee or 
shear walls) are of equal size in a symmetrical build- 
ing, the diaphragm forces are distributed equally. 
When there are large differences or a lack of symme- 
try, a rigidity analysis must be performed. When 
the diaphragms are flexible, the horiiontal forcee 
are transferred in proportion to tributary area. (See 
chap 3, para 3-3(E)4, and chap 5, para 5-2dL) 

(2) Horizontal torsional moments. For rigid 
diaphragms, where the center of rigidity of the verti- 
cal lateral f orce-res i sting elements (framee or shear 
walls) is not coincident with the center of mass, pro- 
visions must be made for this eccentricity. For a 
symmetrical building, a minimum eccentricity of 
5 percent of the maximum building dimension is re- 
quired. (See chap 3, para 3-3(E)5, and chap 5, para 
6- 2d) 

(3) Distribution between shear walls and frames 
(dual systems). When a dual bracing system is used 
(table 3-3, Category 3, K - 0.80). a rigidity analysis 
must be made to determine the interaction between 
the walls and the framee. Generally for tall 
buildings, shear walls deflect as vertical cantilevers 
in a concave shape and framee deflect in a straight 
line or convex shape (see fig 4-7). In a dual system 
with rigid diaphragms, the shear walls and framee 
are forced to deflect the earns amount at each story: 
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therefore, some farce transfer must occur between 
shear walls and framee. Shear walls tend to support 
the frame at the lower stories and the frame tends to 
support the shear wall at the upper stories (see fig 
4-7). (Also, see chap 6, para 6-24(3).) 

f. Elements Not Part of the Lateral Force-Resist- 
ing System. The elements designated as the lateral 
farce resisting-system must be designed to resist 
the total applied lateral force. In addition, all load- 
carrying elements not designed to be part of the lat- 
eral force-resisting system must be analyzed to de- 
termine if they are compatible with the lateral 
force-resisting system (see chap 3, para 3-3( J)ld and 
e). Any element that is not strong enough to resist 
the forcee that it attracts or the interstory drifts 
that occur will be damaged unless it is isolated from 
the lateral force-resisting system. 

g. Dynamic Approach. Alternative methods to 
the static distribution of seismic forces are permit- 
ted by chapter 3, paragraph 3-3(1). Some basic 
concepts are discussed in chapter 2, paragraphs 2-4 
and 2-10. 

4-5. Design of the structural elements. De- 
sign of diaphragms, walls, and framee are covered 
by chapters 5, 6, and 7, respectively. These struc- 
tural elements must be designed for various com- 
binations of loads and must satisfy certain deforma- 
tion requirements. 

a Load combinations will be in accordance with 
chapter 3, paragraph 3-3( J)2c 

6. Structural dements will be designed to resist 
the combined axial, shear, and bending forcee. 

c Deformations will be governed by the provi- 
sions for interstory drift (chap 3, para 3-3(H)l), 
building separations (chap 3, para 3-3(H)2, and para 
4-7), deformation compatibility (chap 3, para 
3-3(J)ld), diaphragm deformation (chap 3, para 
3-3(J)2d, and chap 6, para 6-26), and exterior ele- 
ments (chap 3, para 3-3( J)3d). 

(1) For determining compliance with the defor- 
mation provisions, only structural elements should 
be considered in the stiffhees calculations. It is un- 
conssrvative to include the stiffhees participation of 
nonstructural elements without substantiated data. 
This is in contrast with the assumptions used in the 
period calculation for obtaining valuee for C and S 
(para 4-3d(4)). Thus, it is not uncommon to have one 
set of stiffnees assumptions for calculating the total 
design lateral forcee and another set of stiffness 
assumptions for calculating the design lateral 
displacements. It is acceptable to calculate the 
lateral deformations based on lateral forcee corre- 
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■ponding to a building period To longer than the 
period T need for the design lateral forces and with- 
out the limit specified in paragraph 4-3d(5). An 
example is given below. 

(2) In the seven-story building example in table 
4-4, C and S are based on a building period T of 0.8 
second The design lateral forces include an addi- 
tional top story force Ft of 44 kips and a total lateral 
farce V of 791 Upe. The calculated period baaed on 
the bare structural frame is 1.2 seconds. This period 
is not valid for use in calculating the lateral forces 
because it ignoree some elements that will stiffen 
the structure (para 4-3d(4)) and it exceeds the rec- 
ommended maximum limit in paragraph 4-3d(5). 
However, the period of 1.2 seconds may be used as 
To to calculate the lateral forcee used to determine 
the lateral displacement The resulting (Fth> is 64 
kips and Vd is 644 Ups. Therefore, to calculate the 
lateral displacement, the values of 64 Ups and 644 
kips may be used in iieu of 44 Upe and 791 Ups, re- 
spectively . This reduces the calculated displacement 
from 2.7 inches to 2.2 inches. This displace me nt will 
be multiplied byl.O/K to determine drift compliance 
or by 3.0/K to determine deformation compliance 
with provisions in chapter 3. 

d. The secondary effects of lateral deformation 
(P-A effect), when significant, must be investigated 
to assure lateral stability. 



4-*. Connections b#tw#+n elements. Fore- 
most among requirements vital to earthquake-re- 
sistant design of all types of buildings is the neces- 
sity of tying the various structural elements to- 
gether so that they act as a unit Possibly the most 
important aspect of lateral force design is the con- 
nections (seams and joints) between the structural 
elements. In designing and detailing, it is well to 
keep in mind that the lateral forces are not static, as 
assumed for convenience, but dynamic and to a 
great extent unpredictable. Since prevention of col- 
lapse during a ssvere earthqualn depends upon ths 
energy absorbing capacity of the structural de- 
ments, the ultimaU strength of the stnicture should 
be governed by the strength of the structural ele- 
ments rather than by the strength of their connec- 
tkma; thus, connectors shouU not be the weak link 
of the structure. Obviously, a structural element 
cannot transmit shears, moments, and torsions in 
excees of the ultimate strength of the connection 
used to Join elements. As a general rule theee con- 
nections should be suffidsnt to develop the useful 
strength of the structural elements connected, re- 
gardless of calculated stress. 
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a Design Criteria. Special design requirements 
for connections are included in the following para- 
graphs of this manual 

(1) Chapter 3, paragraph 3-3(J)lg f Braced 
Frames. Connections of braced frames must be de- 
signed to develop the full tension and compression 
capacity of the members or they must be designed 
for 1.25 times the design lateral force without the 
usually permitted one-third increase. 

(2) Chapter 3, paragraphs 3-30&d, Dia- 
phragms; 3-3(J)3a, Anchorage of Concrete or Ma- 
sonry Walls, and 3-3<J)8b, Wood Diaphragms Used 
to Support Concrete or Masonry Walls. Theee provi- 
sions specify the minimum requirements for con- 
necting floors and roofs to concrete and masonry 
walls. 

(3) Chapter 3, paragraph S-StftSd, Exterior 
Elements. Connections of precast or prefabricated 
non-bearing, non-shear wall panels or similar de- 
ments must be designed in accordance with special 
provisions for story drift, seismic design forces, and 
ductility. 

(4) Chapter 5, Diaphragms; chapter 6, Walls; 
chapter 7, Space Frames; and chapter 8, Reinforced 
Masonry, provide additional minimum connection 
requirements for lateral force-resisting structural 
systems. 

6. Forces. Forces to be considered in design of 
connections between structural elements, in addi- 
tion to lateral force shears, are axial loads, flexural 
and torsions (twisting), as well as secondary or pry- 
ing forces within connections— separately or com- 
bined as applicable to the specific case. Theee forces, 
at j uncture seam along the intersection of the struc- 
tural elements, may be the resultant of gravity 
loads, overturning, differential foundation settle- 
ments, lateral forces both normal and parallel to 
vertical elements, and shrinkage and thermal forces. 
Positive means will be provided for transferring 
shears from the plane of the diaphragm into the ver- 
tical resisting elements, and also for transferring 
wind or seismic forces from the vertical elements 
into the diaphragm. In designing connections or 
ties, it is necessary to make each and every connec- 
tion consistent with the basic assumptions and dis- 
tribution of forces. Provisions will be made in the 
design of connections to lateral force movements in 
walls arising from creep, temperature, and shrink- 
age movements in decks, including steel beams or 
girders when decking is fastened thereto. All signi- 
ficant loadings must be considered, and the joints 
and connections designed for forces consistent with 
all reasonable combinations of loadings. 
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4» Dttoifg. Detafla of conn e cti ons ahaB admit tft fi fwil, 
rational analysis in accordance with wall ootabMshod that 
principles of moc hanice. Joints and connections may the 
be made by wekUng, bolting, by bond and anchorage 
of reinforcement, by dowels, and by mechanical de- 
vices such as embedded shapee and welded studs. 
The transfer of shear may be accomplished by using 
reinforcing steel extended as dowels coupled with 
cast-in-place concrete placed between roughened 
concrete interfaces The entire shear should be 
considered as transferred through one typeof da- 
vice, even though a combinatkm of devicss may be 
available at the joint or support being considered 
unless one is sura that the combination of devicee 
will act in unieon. Becauee joints and connections di- 
rectly affect the integrity of the structure, their 
design and fabrication must be adequate for the 

functions intended Rotational forcee resulting from pssfpig 

eccentric connections must be considered In gen- AaWsWSastxForc* 



should bo 
held to a 



d AUowabl* Shtar and Tension on BoUm in Com- 
crwt*. Table 4-5 shows the maximum allowable 
forcee on steel bolts (A807 or better) e mbedd e d in 
regular weight concrete (3,000 pel mfafmum 
strength). Valuee are based on a bolt spssrtng of at 
least 12 diameters with a minimum edge distance of 
6 diameters. The bolts will have a standard bolt 
head or an equal deformity in the embedded portion. 
In Seismic Zone Noa. 2, 3, and 4, an additional 2 
inchee of embedment will be provided for anchor 
bolts located in the top of columns. When combining 
tension and shear forcee on a bolt! the following in- 
teraction formula is applicable: 



P alp Tsnslon W ores __ _ _ » M M 



TUk4-& Aaowbk8kMwtdTmuio*o*Bott$imCo*crtto t 



Diameter 


„y*— ., 




'tasta' 


(inches) 


(inches) 


(pounds) 


(pounds) 


1/2 




tooo 


060 


6/8 




tooo 


1,600 


8/4 




8,600 


8460 


7/8 




4,100 


8400 


1 




4,100 


8,900 


1-1/8 




4,600 


8400 


1-1/4 




6,600 


8,900 



1 Minimum concrete strength is ttOOO psL 

' An a dditi o na l 2 inches of embedment will bs p rovided lor snchorbolUsttopsofcohimiisforbQikimft 
located In Zonss 2, 8, and 4. 

3 Whsrs spsdsl inspection is provided tension vsinss may bsdooblsd. 
Afot*. Adopted from UniforaBnilQ^ 
Official* 



% 



4-lt 



Digitized by 



Google 



4-7. Special seismic detailing. Some of the 
general requirements and details for satisfactory 
performance under earthquake conditions are enu* 
merated and dis cu ssed in the following paragraphs. 
Also, refer to chapter 2, paragraph 2-M. 

a Separation of Structure (chop 3, para 3-SfHW. 
In past earthquakes the mutual hammering r» 
ceived by buildings in close proximity to one 
another has caused significant damage. The sim- 
plest way to prevent damage is to provide sufficient 
clearance so that free motion of the two structures 
will result. The motion to be provided for is pro- 
duced partly by the deflections of the structures 
themselves and partly by the rocking or eettUng of 
foundations. The gap must equal the sum of the to- 
tal deflections from the base of the two buildings to 
the top of the lower building. 

(1) In the case of a normal building, lees than 80 
feet in height using concrete or masonry shear walls, 
the gap shall be not lees than the arbitrary rule of 1 
inch for the first 20 feet of height above the ground 
plus 1/2 inch for each 10 feet of additional height. 

(2) For higher or more flexible buildings, the 
gap or seismic joint between the structurss should 
be based on 8/K times the deflections determined 
from the required (prescribed) lateral forces. If the 
design of the foundation is such that rotation la ex- 
pected to occur at the base due to rocking or due to 
settlement of foundations, this additional deflection 
(as determined by rational methods) will be in- 
cluded. 

6. Seismic Joints. Junctures between distinct 
parts of buildings, such as the intersection of a wing 
of a building with the main portion, are often de- 
signed with flexible joints that allow relative 
movement. When this is done, each part of the build- 
ing must be considered as a asperate structure that 
has its own independent bracing system. The crite- 
ria for separation of buildings in paragraph a above 
will apply to seismic joints for parte of buildings. 
Seismic joint coveragee will be made flexible, water- 
proof , and architecturally acceptable. 

(1) An example that is frequently found in large 
one-story industrial buildings with a relatively flexi- 
ble frame follows: 

At one end of the industrial building it is desired to 
provide a small office section with stiff exterior or 
interior walls. The office unit is relatively much stif - 
for than the rest of the building. I f theee two units 
are tied together, the horizontal force of the entire 
structure will be delivered to the small stiff unit 
which may be incapable of resisting such large 
forcee (or exceed ve torsion may be developed in the 
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larger structure). Extensive damage has been ob- 
esrved from past earthquakee which can be attrib- 
uted to the omission of such separation. A sspara- 
tion between the two unite will be required in audi 



(2) As an alternative to Integral construction or 
full separation, a property substantiated eeparatkm 
by • mechanical acting joint designed to take appro- 
priate forcee and displacements is permitted 

c. Bridges Between Buildings. Certain types of 
structures commonly found In industrial installa- 
tions are tied together at or near their tope by 
connecting parte such as piping, conveyors, ducts, 
etc For instance, it may be neceeeary to connect 
two buikiings by a covered bridge or passageway. In 
moat cases it would not be economically feasible to 
make such a bridge sufficiently rigid to farce both 
buildings to vibrate together. A sliding joint at one 
or both ends of the bridge can usually be installed, 
In general, it is preferable to avoid bridgee between 
buildings in Ssismk Zone Noe. 3 and 4. 

d Stairways. Stairways may be considered as in- 
clined extensions of horizontal diaphragms. Sines 
the stairway has a vertical component it must be 
oonsidsred as a vertical shear wall a nd deaigned as 
such or be cut looee so as not to act in the case of 
ewthqtufce shock. If the stiffness of the stairway 
acting as an inclined vertical shear wall is relatively 
small when compared to other vertical resisting ele- 
ments In the building, the problem becomee lees 
important. Thus, in general, the use of concrete 
*tidrs in a stiff building with masonry or concrete 
walls may be satisfactory. However, more flexible 
steel stairs should generally be used in buildings 
having a flexible momsnt-reeisting frame. Interior 
stairs usually create a hole in the diaphragm which 
should be treated as an opening in the web of a plate 
girder. 

e. "Short-Column" Effects. Whenever the lateral 
deflection of any column la rootrainod, when full- 
height deflections were assumed in the analysis, it 
wffl carry a larger portkm of the lateral forcee than 
aeoumed. In past earthquakee, column fofluree have 
frequently been inadvertently caused by the stiffen- 
ing (shortening) effect of deep spandrels, stairways, 
partial-height filler walla, or intermediate bracing 
members. Unleee considered in the analysis, such 
stiffening effect shall be eliminated by proper detail' 
ing for adequate isolation at the juncture of the 
column and the resisting elements. 

4-1. D#slgn of foundations. The foundations 
must be deelgned for the seismic forces transmitted 
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by the shear walls and frames of the lateral force- 
resisting system. The media used for the transmis- 
sion of horizontal forces may be friction between 
floor slab and ground; friction between bottom of 
footing and ground; and/or passive resis t ance of 
earth against vertical surfaces of footings, grade 
beams, or basement walls. The overturning effects, 
which require a careful analysis of permissible over- 
loads for combined effect of vertical and lateral 
loads, will be made as part of the foundation design 
(refer to para 4-46 and to the SE AOC Commentary 
on overturning for additional discussion of over- 
turning effects). Resulting tensile forces must be 
resisted by anchorage into the foundation. Stability 
against overturning must be provided for the short- 
time loading during an earthquake (or wind) without 
imposing such restrictions as to create wide dispar- 
ity in foundation settlements under normal loading. 
This disparity could create more damage to the 
structure than that which might occur in an earth- 
quake under highly increased soil pressures. The soil 
pressure resisting combined static and prescribed 
seismic loads can generally exceed the normal 
allowable pressure for static loads by 1/3. However, 
the various types of soils react differently to short- 
time seismic loading and any increase over normal 
allowable static loading will be confirmed by a soils 
analysis. In no case will the footing size be less than 
that required for static loads alone. Earthquake vi- 
brations may cause consolidation or liquefaction of 
loose soils, and the resultant settlement of building 
foundations usually will not be uniform. In the case 
of rigid structures supported on individual spread 
footings bearing on such material, excessive differ- 
ential settlements can result in damage to the 
superstructure. Stabilization of the soil prior to con- 
struction or the use of piles, caissons, or deep piers 
bearing on a firm stratum may be the solution to 
this problem. 

a Foundation Ties. This paragraph supplements 
the design criteria of chapter 3, paragraph 3-3(J)3c. 
Individual pile, caisson, and deep pier footings of 
every building or structure in Seismic Zones 2, 3, 
and 4 will be interconnected by ties. For Seismic 
Zone 1, provide ties only when surrounding soil has 
low passive resistance values. Each tie will be 
designed to carry an axial tension and compression 
horizontal force equal to 1/10 the larger pile cap 
loading. Isolated spread footings on soil with a low 
passive resistance will also be tied together in a way 
to prevent relative movement of the various parts of 
the foundation with respect to each other. Passive 
resistance values vary greatly with type of soil and 
depth. Adequacy of passive resistance should be de- 

4-20 



termined by the soils specialist. Passive resistance 
or lateral bearing values are permitted only where 
concrete is deposited directly against natural 
ground or the backfill is well compacted. Passive re- 
sistance should not be used where the lateral bear- 
ing surface is close to an excavation unless such ex- 
cavation is carefully backfilled with well-compacted 
material. The shear in the earth between such bear- 
ing surface and open or poorly compacted excava- 
tion or a similar depreeskm may be a critical item. 
Where a building is supported by piles, caissons, or 
deep piers, it is frequently necessary to develop 
horizontal shear through lateral bearing against the 
side of the pile, pier, or caisson. The upper soils may 
not have sufficient lateral bearing value to resist the 
lateral forces. This creates bending in the piles 
which must be provided for in the design. Where a 
building is supported on piles driven through very 
poor material it is frequently economical to drive 
batter piles to take care of horizontal shear transfer 
to the ground. In instances where footings are sub- 
jected to lateral thrusts due to applied vertical 
loads, such horizontal thrust will be added to the 
lateral seismic force indicated above. An example of 
this case could be the outward thrusts on footings of 
a rigid gable bent due to applied vertical loads. The 
ties can be formed by an interconnecting grid net- 
work of reinforced concrete struts or structural steel 
shapes encased in concrete. As an alternate, a rein- 
forced concrete floor slab, doweled to walls and 
footings to provide reetraint in all horizontal direc- 
tions, may be used in lieu of the grid network of ties. 
Slabs-on-grade will not be used as ties when signifi- 
cant differential settlement is expected between 
footings and slab. In such casee, slabs-on-grade will 
be cut looee from footings and made free floating 
(note that the effective unsupported height of the 
wall is increased for this condition). Strut ties placed 
below such slabs shall be cushioned or separated 
from the slab sufficiently so that slab settlement 
will not damage the strut ties. Alternatively, it may 
be more economical to overexcavate the soil under 
the footings and recompact to control differential 
settlements and to increase passive resistance so as 
to eliminate need for footing ties. 

6. Pit* Foundations. For pile-supported struc- 
tures subjected to horizontal loads, it must be 
decided whether the lateral load-carrying capacity 
of the vertical piles is adequate or whether batter 
piles should be used. The lateral load-carrying ca- 
pacity of vertical piles is dependent on the proper- 
ties of the soil; the size, length, and material of the 
pile; and the pile grouping and spacing. These fac- 
tors should be taken into consideration in eetimat- 
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ingtheabmtyofverUcalpUeatowithetandthehor- 
iiontal loads. 

4-9. Ports and olomonts off buildings. Parts 
and elements of buildings and their anchorages will 
be designed for forces in accordance with chapter 3, 
paragraph 3-3(G), formula 3-8, and table 3-4. 

a Structural dements include walls and parapets 
with lateral loads normal to the flat surface, dia- 
phragms as horiiontal beams (chap 3, para 3-3 
(J)2d), and penthouses (chimneys and smokestacks 
are covered in para c below). Theee elements will be 
designed to resist the specified lateral forces as well 
as to transfer theee forces to the structural system 
of the building through proper connections. 

6. Architectural elements include partitions, or- 
namentation, suspended ceilings, exterior panels 
(chap 3, para 3-3(J)3d), and storage racks. Architec- 
tural elements aro covered m chapter 9. 

c Mechanical and electrical elements, which are 
covered by chapter 10, include chimneys and smoke- 
stacks, as well as equipment and machinery. For 
rigid and rigidly attached equipment and machin- 
ery, the force factors of table 3-4 will be used; but 
for flexible and flexibly mounted equipment and ma- 
chinery, the special provisions of chapter 10 are 
required When the mechanical and electrical de- 
ments are part of the life safety system, an "I" 
factor of 1.5 will be used. 




4-10. Structu 

manual is 
buildings; 



othor than buildings. This 
ly concerned with the design of 
, provisions are also included for 
other than buildings. When these 
structures art designed in accordance with formula 
3-1 in chapter 3, paragraph 3-3(D), a Rvalue of 2.0 
or 2.5 is used as specified in table 3-3. This higher . 
value is justified by the assumption that these 
structures will generally have lower damping char- 
acteristics, lees inelastic deformation capacity, and 
lees redundancy than typical buildings. Procedures 
and guidelines for structures other than buildings 
are included in chapter 11. 

4-11. Flnol doslgn consldorotlons. After the 
structural sisments have been selected and 
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yzed, a final design check must be made to verify 
that the initial assumptions are correct, and 
whether or not the resulting structure satisfies the 
intent of the seismic provisions. 

a Compare Final Sizes With Initial Estimates 

(1) Weights. Compare the final weights of the 
building with the weight used to determine the seis- 
mic forces. If the weight has increased significantly 
(say over 5%), redesign will be necessary. 

(2) Stiffness. If the final member sizes are sub- 
stantially different than the initial estimates, a re- 
evaluation of the design will be necessary (see para 
(3) and (4) below). If the relative stiffnesses of the 
varying elements have changed significantly, the 
distribution of lateral forces must be re-evaluated. 

(3) Period If the initial period was determined 
by a method using structural properties and defor- 
mation characteristics, such as in formula 3-3, the 
initial stiffnees and weight properties must be com- 
pared to the final properties of the structure. If the 
final period is shorter than the initial period that 
was used to calculate the lateral forces, a new set of 
forces must be calculated and applied to the struc- 
ture. 

(4) Displacements. If the final stiffness, period, 
or forces have changed substantially, displacements 
will have to be recalculated to check for compliance 
with the various provisions for drift and deforma- 
tion. 

6. Path of Forces. Upon completion of the design, 
a final check will be made to determine that all the 
inertia forces can be transmitted without instability 
from their source to the base of the structure. (See 
para4-4d) 

c Details. Check the structural details to assure 
that the intent of the design calculations and the 
seismic design detailing are properly provided for on 
the construction drawings. 

& Specifications. Check the specifications to as- 
sure that the intent of the design calculations, 
material strength assumptions, and the seismic de- 
sign detailing are properly provided for in the job 
specifications. 
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CHAPTERS 
DIAPHRAGMS 



$-1. PurppM and scop*. This chapter pre- 
scribe* the criteria for the design of horiiontal dl- 
sphrsgms and horiiontal bracing of buildings in 
seismic areas, indica t es p ri nci p les and factors gov 
erning the horiiontal distribution of lateral forces 
and resistance to lateral farcee, gives certain design 
data, and Qhistratee typical details of construction. 
Refer to chapter 3, paragraph 3-3<J)2d f for design 



$-2. G+n+ral. Buildings are composed of vertical 
and horiiontal structural elements which resist lat- 
eral farcee. Horiiontal forces on a structure pro- 
duced by seismic ground motion originate at the 
centroid of the mass of the building elements and 
are proportional to the massss of thsss elements. 
The forces originating at massss tributary to the 
horiiontal elemente are distributed by such horiion- 
tal elements to vertical elements which in turn 
transmit such forces to ths ground. Forces may also 
be transmitted from vertical elements to horiiontal 
elemente and then be redistributed to other vertical 
elemente. Refer to chapter 4, figuree 4-4 and 4-5, 
for tributary weights and path of farcee, respec- 
tively. 

a Function. Horiiontal forces at any floor or roof 
level are distributed to the vertical resisting sle- 
msnts by using ths strength and rigidity of the floor 
or roof dock to act as a diaphragm. Horiiontal brae- 
ing may be used to act as a diaphragm to transfer 
ths horiiontal forces to ths vertical resisting 



(1) Diaphragms. A diaphragm may be consid- 
ered analogous to a plate gfrdsr laid in a horiiontal 
(or inclined in the case of a roof) plane where the 
floor or roof deck performs ths function of ths plate 
girder web, the Joists or beams function as web stiff • 



and ths peripheral beams or integral rein- 
forcement function as flangss (fig 6-1, 6-2, and 6-3). 
A diaphragm may be constructed of materials such 
as concrete, wood, or metal in various forms. Combi- 
nations of materials are possible. Strength criteria 
for such materials aa cast-in-placs reinforced con- 
crete and structural steel are well established and 
preeent no problem to the designer once the loading 
and reaction system ie known. Other materiak fre- 
quently ussd to support vertical loads in floors or 
roofs have well eetahlished vertical load characterise 
tics but have required teste to demonstrate their 
ability to resist lateral farcee. Various typss of wood 
shsathing and steel decks fall in this category. 
Where a diaphragm is mads up of units such as ply- 
wood, precast concrete floor unite or steel deck 
units, its characteristics are, to a large degree, de- 
pendent upon the attachments of one unit to an- 
other and to the supporting members. 

(2) Horizontal bracing system. A horiiontal 
bracing system may be of any approved material, 
such as reinforced concrete, structural steel or wood. 
The bracing systfn will be fully developed in both 
directions so that the bracing diago nals and chord 
m em be r s farm complete horiiontal trneeee between 
vertical resisting elements (fig 6-4). Deflections and 
web flsxibflity due to the required static forcee will 
be determined using normal dssign princfrlss. The 
stiffheee category and span/dspth limitations that 
apply to diaphragms (sss para d> *, and /below) also 
apply to horiiontal bracing systems. The general 
layout of a bracing system and siring of members 
must be determined for each individual i 



b. Symbols and Notations. Additional terminol- 
ogy which relatee to diaphragms and which win be 
used in this chapter is shown below: 
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Figure 5-1. Floor Slab Diaphragm 
(Root Decking (Web) 




Figure 5- 2. Roof Deok Diaphrapn 
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Figure 5-3. Truss Diaphragm 



Figure 5-4. Bracing an Industrial Building 
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Upper chord shown 
as truss dlaphragn. 
The truss diaphragm 
may also be 1n lower 
chord as shown 1n 
Figure 5-3. 
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c. Seismic Loading*. Floors and roofs used as 
diaphragms will be designed for lateral forces sped- 
fled In chapter 3, paragraph 3-8<J)2d. acting in any 
horizontal direction. These forces include inertia 
farces originating from the weight of the diaphragm 
and the element* attached thereto, as well as farces 
that are required to be transferred to vertical resist- 
ing element* because of offsets or changes of stiff- 
ness in vertical resisting elements above and below 
the diaphragm (chap 4, fig 4-6 and 4-6). 

d Distribution of Ssismic Fonts. The total shear, 
which includes the forces contributed through the 
di a phragm ae well as the forces contributed from 
the vertical resisting elements above the dia- 
phragm, at any level will be distributed to the var- 
kms vertical elements of the lateral force resisting 
system (shear walla or moment resisting frames) in 
proportion to their rigidities considering the rigidity 
of the di aphragm The effect of diaphr agm stiffness 
on the distribution of lateral forces is discussed and 
s chematicall y illustrated below (fig 6-6). For this 
purpose, diaphragms are classified into five groups 
of fl ea db il i tiee relative to the flexibilities of the 
walls. These are rigid, semi-rigid, semi-flexible, flex- 
ible, and very flexible diaphragms. No diaphragm it 
actually infinitely rigid and no diaphragm capable of 
carrying a load ia infinitely flexible. 

(1) A rigid diaphragm is assumed to distribute 
horisontal forces to the vertical resisting elements 
in proportion to their relative rigidities. In other 
words, under symmetrical loading a rigid dia- 
phragm will cause each vertical element to deflect 
an equal amount with the result that a vertical ele- 
ment with a high relative rigidity will resist a 
greater proportion of the lateral force than an ele- 
ment with a lower rigidity factor (fig 6-6(b)j. 

(2) A flexible diaphragm and a very flexible 
diaphragm are analogous to a shear deflecting wn- 
tinuous beam or series of beams spanning between 
supports. Ths supports are considered non-yielding, 
as the relative stiffness of ths vertical resisting 
elements compared to that of the diaphrag m is 
great. Thus a flexible diaphragm will be considered 
to distribute the lateral forces to ths vertical resist- 
ing elements on a tributary load basis. A flexible 
diaphragm will not be considered capable of dis- 
tributing torsional stre ss e s resulting from concrete 
or masonry masses (fig 6-6(d)». 

(3) Semi-rigid and semi-flexible diaphragms are 
those which have significant deflection under load 
but which also have sufficient stiffness to distribute 
• portion of their load to vertical elements in pro- 
portion to ths rigidities of the vertical resisting 
•laments. The action is analogous to a continuous 
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concrete beam system of appreciable stiffness on 
yielding supports. The support reactions are de- 
pendent on ths relative stiffnesses of both die- 
Phragm and vertical elements. A rigorous analysis 

12£^27 *? C0MUB *W «* frequently 
unjustified by ths results; at best, the results are no 
better than the assumptions that must bs made. In 
euch cases a design based on reasonable limits may 
be_ used; however, the calculations must reasonably 
bracket the likely range of reactions and deflection. 
<Bg5-6(c)). 

(4) Torsional moment is generated whenever 
the center of gravity (eg) of ths lateral farces fails to 
coincide with the center of rigidity (cr) of ths vertical 
resisting e le m ents, providing the diaphrag m is suf- 
ficiently rigid to transfer torsion. Ths magnitude of 
ths torsional moment that la required to be distrib- 
uted to the vertical resisting elements by a dia- 
phragm is determined by the larger of the following: 

Wthaaum of the inomsnts craated by the phyaical 
eccentricity of the tranalational forces at the level of 
the d i a phragm from the center of rigidity of the 
resisting dements <M T - Fpe, where e - distance 
between eg and cr) or (b) the sum of the moments 
created by an "accidental" torsion of 6%. The "ac- 
cidental" torsion is an arbitrary code requirement 
equivalent to the story shear acting with an eccen- 
tridty of not foes than 6% of the maximum building 
Jjaenston et that level (chap 3, para S^EiSTtS 
torsional momenta will bs distributed through rigid 
di a phragms to ths vertical resisting elements foa 
method analogous to ths torsion formula t-Tc/J 
(fig 6-6). Thus the torsional shear forces can bo ex- 
pressed by the formula FT-M<ikd/Xkd', where k is 
the stiffness of the vertical resisting elements, d is 
the dista nce from the center of rigidity, and.Zkd' 
repreeonte the polar moment of inertia Wot* 
Mx-IFxd). The torsional shears will be combined 
with the direct (tranalational) shears (fig 6-6(b)). 
mwavsr, whan the torsional shears are opposite in 
direction to the direct shears, the lateral forces shall 
not be decreased. A properly evaluated and rational 
•Iternative (e.g., computer techniques) to this ap- 
proach can be used (refer to SEAOC Commentary 
on horisontal torsional moments). When dia- 
phragms are flexible, relative to the vertical resist- 
ing elements (e*, wood floor diaphragms and con- 
crete or masonry shear walls). It will bs assumed 
that the dia p h ra gms cannot transmit torsional mo- 
menta, thus there will be no torsional distribution. 
Cantilever diaphragms on the other hand will dis- 
tribute tranalational forces to vertical r esisting ele- 
ments, even if the diaphragm la flexible. In this 
case, the diaphragm and Its chord act as a flexure! 
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Figure 5-5. Diaphragm Flexibilities Relative to 
Flexibilities of the Walls 
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Figure 5-*. Torsional Moments on Diaphragms 
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beam supported by the vertical resisting elements 
(fig6-6<c)). 

c Diaphragm Daflaetkma. A diaphragm will be 
designed to provide such stiffnees and strength so 
that walla and other vertical elements laterally sop- 
ported by the diaphragm can safely sustain the 
strseaea induced by the response to seismic motion. 
The total computed deflection (Ad) of diaphragms 
under the preeaibed static seismic forces consists of 
the sum of two components. The first component is 
the flaxural deflection (Af) of the diaphragm which is 
determined in the came manner ae the deflection of 
beams. The assumption that flexural strsssss on the 
diaphragm web are neglected will be used except for 
reinforced concrete slabs. For such slabs the propor- 
tional flexural streeeee also may be assumed to be 
carried by the web. The second component ie the 
web (shear) deflection (A w ) of the diaphragm. The 
specific nature of the web deflection win vary de- 
pending on the type of diaphragm. The total deflec- 
tion of the diaphragm under the preecribed static 
forcee will be used ae the criteria for the adequacy of 
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the stiffnees of a diaphragm. The limitation on de- 
flection la the allowable amount preecribed for the 
relative deflection (drift) of the walla between the 
level of the diaphragm and the floor below. Refer to 
chap 6, fig 8-2 and para 6-26. The limitation im- 
posed on diaphr a gm s sup p o r tin g flexible walla ie a 
maximum span-to-depth ratio, eee table 5-1. 

/. FUxibiUty Limitation* The determination and 
limitations of the deflections of a diaphragm ie a de- 
sign function. The deflections of some *HT*"T(Frf 
can be computed with reasonable accuracy. How- 
ever, other diaphragms have characteristic and fab- 
rication variables making an accurate solution of de- 
flection characteristics meaningleee. Thus the 
m ethods of determination of the deflection char- 
acteristics for diaphragms of all materials given 
herein will be used to keep the range of diaphragm 
d efl ec t ions within reasonable limits. 

(1) F-factor. In order to provide a means of 
properly classifying and identifying the stiffnees of 
a diaphragm web, the factor "F'will be introduced. 
The factor F ie equal to the average deflection in 



TABLE 5-1 FUxibiUty Limitation on Diaphragms 









gpan/Dapth Limitation* 


FWxibOity 
catagory 


P 


Maximum 
Span 
(feat) 


No torakNn contkWr ad 
in diaphragm 1 


in diaphragm' 




BrittW 
waDa* 


FWxibW 
waDa 


BrittW 
waOai 


FWxibW 
waDa 


Vsry 
flaxibW 4 


Ovar 
160 


60 


Not 
tobs 
uaad 


2:1 


Not 
tobs 
uaad 


1-1/2:1 


FWxibW 


70-160 


100 


2:1 


8:1 


Not 
tobs 
uaad 


2:1 


fWxibW 


10-70 


900 


2-1/2:1 


4:1 


Not 
tobs 
uaad 


2-1/2:1 


Sand-rigid 


1-10 


800 


8:1 


6:1 


2:1 


8:1 


Rigid 


Lasa 

than 

1 


400 


DafWction 

ranm t 

only 


No 
limitation 


DtfWction 

ranm t 

only 


8-1/2:1 
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raa^oono^walWmona-atorybqflamgawharath^ 
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micro inches (mflBontha of an inch) of the diaphragm 
web per foot of span streesed with a shear of one 
pound per foot. Expressed aa a formula this be* 



<6-l> 



F 



Distance in ft* bttwMn vertical radttliif i 
(aoch as shear wall) and the point to which tho 
dtfltrtfrm Is to he ds tsi m i n e d 

in olaphrasni in pounds per foot 



a* ■■ Wobcomponontof Ad 

Using the factor F, the flexibility categories of dia- 
phragm webs have designated values aa preecribed 
in table 6-1. The span-depth limitations do not di- 
rectly reflect deflections. The web deflection will be 
determined by the equation 






(6-2) 



(2) Determination of F-factor*. The equations 
for use in determining the strength and stiftntss ca- 
pabilities of various diaphragm materials have in 
most cases only been published in the literature of 
the companies supplying theee materials. Theee 
have been based usually on a limited number of 
teets and have been derived empirically to fit the 
test data available to them. As more and more teets 
were run* theee equations were altered to incorpo- 
rate the new data. This led to many eomewhat sim- 
ilar equations for identical diaphragm components 
supplied by different manufacturers. The equations 
used in this manual have been developed using aa a 
basis all of the test data made available to the 
Triservice Seismic Design Committee at the time of 
the last edition of this manual (April 1973) and may 
be subject to some revision in the future as new data 
are obtained. 

5-3. Diaphragm s#4#ctlon. In most buildings it 
is economical to use the roof and floor systems as 
diaphragms; therefore, the overall structural sys- 
tem* including the vertical toad reel sting slemente 9 
affects the selection of the diaphragm (or horiaontal 
bracing) system. The selected system must be com- 
patible with the criteria governing the vertical load- 
carrying capacities and the fire resistant qualities. 
Relative costs of various types of suitable dia- 
phragms should be investigated to achieve the 
greatest economy. Some of the most common items 
that affect the selection of the diaphragm system 
are summarized below. 

a. Transverse Frames and Longitudinal Walls or 
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Braced Frames. For buildings such as large 
housss with long span vertical momei 
framee in the transverse direction, the 



bracing with little or no computed 
each bent would be designed to carry ita tributary 
lateral force. However, in the longitudinal dire c ti on 
where only the exterior walls racist seismic fortes, 
the diaphragm must span from side wall to aids 
wall If the framee are of structural steel, conakkre- 
tion should be given to the sele cti on of a h oriz o ntal 
steel bracing system aa a diaphragm. If tha 
are of reinforced concrete, a concrete deck will ; 
mally be need. When applicable, torsion will ba < 



6. MultiStory Frame Structures, For tall, multi- 
story buildings with moment resisting frames, dia- 
phragms will be rigid enough to distribute horiaon- 
tal forces and torsion in proportion to the relative 
rigidities of the frames. A more flexible diaphragm 
on such structures must be avoided because it wiD 
permit portions of a building to vibrate out-of- phase 
with the reet of the structure, creating reverse warp- 
ing strains. 

c Deep Beam Analogy. Diaphragms are deaignsri 
as deep beams so that the web (decking or 
sheathing) will carry shear and the flanges (spandrel 
beams or other members) at the edges will resist the 
bending moments. Webs of precast concrete units or 
metal deck units will require details for joining the 
units to each other and to their supports so as to dis- 
tribute shear forces. Boundary members at edges of 
diaphragms must be designed to resist direct tensQs 
or compressive (chord) stresses, including adequate 
splices at points of discontinuity. For instance, in s 
steel frame building the spandrel beams acting as s 
diaphragm flange component require a splice design 
at the columns for the tensile and compressive 
stresses induced by diaphragm action. 

(1) Openings. Diaphragms with openings, such 
as cut-out areas for stairs or elevators, will be ana- 
lyzed similarly to a plate girder with a hole in the 
web, and require complete detailing to show that all 
the stresses around the opening will be developed 

(2) lr and T-shaped buildings. The L- and T- 
shaped buildings will have the flange (chord) 
stresses developed through or into the bed of the L 
or T. This is analogous to a girder with a deep 
haunch. 

d Braced Frame Systems. When planning a 
bracing system of a building, consider the structure 
as a whole. Visualize the ways in which the struc- 
ture might fail and provide bracing with adequate 
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strength and rigidity to keep the structure upright. 
Before deciding upon the position of bracing, the 
structural engineer must be certain just where every 
obetruction and other controlling features will be 
located (see para 5-8). (Refer to chap 6, para 6-24 
for vertical bracing.) 

e. Connections. Connections and anchorages be- 
tween the diaphragms and the vertical restating 
elements will be designed to conform to chapter 3, 
paragraphs 3-3(J)lg, 2d, 3, and chapter 4, 
paragraphs 4-4d(6) ard 4 -6. 

5-4. Concrete diaphragms, a. General Design 
Criteria. The criteria used to design concrete dia- 
phragms will be ACI 318-77 (except appendix A) as 
modified by this paragraph. Concrete diaphragm 
webs will be designed as concrete slabs which may 
be designed to support vertical loads between the 
framing members or rest on other vertical load-car- 
rying elements such as precast concrete elements or 
steel decks. If shear is transferred from the dia- 
phragm web to the framing members through steel 
deck fastenings, the design will conform to the re- 
quirements in paragraph 6-6, Steel Deck Dia- 
phragms. 

6. Span and Anchorage Requirements. The fol- 
lowing provisions are intended to prevent dia- 
phragm buckling. 

(1) General Where reinforced concrete slabs are 
used as diaphragms to transfer lateral forces, the 
dear distance (Ly) between framing members or me- 
chanical anchors shall not exceed 38 times the total 
thickness of the slab (t). 

(2) Cast-in-place concrete slabs not monolithic 
with supporting framing. When concrete slabs are 
not monolithic with the supporting framing mem- 
bers (e.g., slabs on steel beams) the slab will be 
anchored by mechanical means at intervals not ex- 
ceeding four feet on center along the length of the 
supporting member. This anchorage is not a com- 
puted item and should be similar to that shown on 
figure 6-7. For composite beams, anchorages pro- 
vided in accordance with AISC provisions for corn- 
posits construction will meet the requirements of 
this paragraph. 

(3) Cast-in-place concrete diaphragms vertically 
supported by precast concrete slab units. If the slab 
is not supporting vertical loads but is supported by 
other vertical load-carrying elements, mechanical 
anchorages will be pro vided at intervals not exceed- 
ing 38|. Thus, the provisions of (1) above will be sat- 
isfied by defining Ly as the distance between the 
mechanical anchorages between the diaphragm slab 
and the vertical load-carrying members. This me- 
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chanical anchorage can be provided by steel inserts 
or reinforcement, by bonded cast-in-place concrete 
lugs, or by bonded roughened surface, as shown on 
figure 6-8. Positive anchorage between cast-in-place 
concrete and the precast deck must be provided to 
transmit the lateral forcee generated from the 
weights of the precast units to the cast-in-place 
concrete diaphragm and then to the main lateral 
force resisting system. 

(4) Precast concrete slab units. If precast units 
are continuously bonded together as shown on fig- 
ure 6-8, they may be considered concrete dia- 
phragms and designed accordingly as described 
hereinbefore. Intermittently bonded precast units 
or precast units with grouted shear keys will not be 
used as a diaphragm. 

EXCEPTION: In Seismic Zone 1 (fig 6-8a), 
the use of hollow core planks with grouted 
shear keys is permitted. Also the use of con- 
nectors, in lisu of continuous bonding, for 
precast concrete members is permitted if the 
following considerations and requirements 
are satisfied: 

(a) Conformance with Prestressed Concrete 
Institute (PCI)-Deeign Handbook seismic 
design requirements. 

(b) Shear forces for diaphragm action can be 
effectively transmitted through the connect- 
ors. The shear will be uniformly distributed 
throughout the depth or length of the dia- 
phragm with reasonably spaced connectors 
rather than with a few which will have local- 
ized concentration of shear stresses. 

(c) Connectors will be designed for at least 
two times the actual shear force. 

(d) Detail structural calculations be made 
including the localized effects in concrete 
slabs attributed from these connectors. 

(e) Sufficient details of connectors and em- 
bedded anchorage be provided to preclude 
construction deficiency. 

(6) Metal formed deck Concrete slabs that are 
cast by use of metal formed deck shall be governed 
by either the requirements of paragraphs (2) above, 
or the requirements of paragraph 6-6d, Deck with 
Concrete Fill, depending on the characteristics of 
the metal formed deck. 

c Special Reinforcement Special diagonal rein- 
forcement will be placed in corners of diaphragms as 
indicated in figure 6-10. Typical chord reinforce- 
ment and connection details are shown in figure 
6-11. 

d Flexibility Factor. The web stiffness factor F 
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Figure 6-8. Attachment of Superimposed Diaphragm 
Slab to Preoaet Slab Unite 
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Figure S-10. Corner of Monolithic Concrete Diaphragm 
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Figure 5-11. Concrete Diaphragms - Typical Connection Details 



Digitized by 



Googla-w 



TMS-M9-10 
NAVFACP-355 
AHKt»-3,Chap. 13 

(see para 6-2/) will be determined by the following 
formula: 



P - 



10* 



8.5tw l V?J" 



<6-3) 



where: 
t 



Thickness of the slab in inches 
w ■ The weight of th«MiiCTeU in pcAindtptr cubic foot. 

Minimum value of w will be 90 pounds per cubic 

foot, 
f^ » The compreeeive strength of the concrete at 28 

days in pounds par square inch. 

Diaphragms of this type are in the rigid category of 
stiffness and are usually limited only by the appro* 
priate deflection limitations. The deflections of this 
type of diaphragm will be determined using the 
unfactored loads specified in chapter 3, paragraph 
3-3, when controlled by the limits indicated in 
paragraphs 5-2* and /. 

a. Electrical Raceway$. The placement of eloctri- 
cal raceways in concrete topping slabs isiy result in 
the slab being ineffective as a diaphragm. The effect 
of the loss of concrete section will be considered. 
Coordination of structural diaphragm slab with elec- 
trical plans will be provided. 

5-5. Gypsum diaphragms, cosMn-ploc#. 

a General Design Criteria. The following criteria 
will be used to design cast-in-place gypsum dia- 
phragms. 

6. Shear Capacity 
(1) The allowable diaphragm shear on poured 
gypsum concrete diaphragms will be as shown in 

Table 5-2. Shear Values 



tables 6-2 through 5-4 for roof systems using sub- 
purlins and electrically welded wire mesh. 

(2) In lieu of tables 6-2 through 6-4, the fol- 
lowing formula will be used to determine the 
allowable shear of the diaphragm. 

9D * [.lSfgtd + 1.000 (Mi + ksdslJC, (6-4) 

where 

qo ■ Allowable inaximum shear par foot on diaphragmm 
pounde per linear foot. The one- third increase usu- 
rer permitted to working stresses m seismic rtssienn 
la not applicable. 

fg ■ Oven-dry co mpr ee si ve strength of gypsum in p>eX 
as determined by testa conforming to ASTM 
C472-73. 

Ci * 1.0 for Class A gypsum concrete; 1.5 for Class B 
gypsum concrete. 

C 2 - 1.4 for Class A gypsum concrete; 1.0 for Class B 

gypsum concrete, 
t - Thickness of gypsum between subpvhna m mchee. 

k t - Number of mesh wires per foot passing over 



i 



Diameter of 



*t - 



meeh wires per foot parallel to 



dt 



to 



Number of 

subpurhns. 

Diameter in inchee of 

subpurhns. 

c Flexibility Factor. The factor F (para 6-2* and 
f) for determination of diaphragm stiffness and de- 
flections will be determined by the formula 



F- 



140 

•qd 



(5-61 



where 



qi) - The allowable shear specified in tables 6-2 through 
6-4 or Formula 6-4 in pounds per foot. 

of Poured Gypsum Diaphragms 



Class 


i 

Compressive 
Strength 


Poured 

Gypsum 

Thickness 


Mesh 


^ALLOWABLE SHEAR VALUES (q D ) 


Bulb Tees 


! Trussed Tees 


A 


500 


2V 


4x8 
12 - 14 


Not Allowed 


890 


A 


500 


2%" 


6x6 
10 - 10 


Not Allowed 


! 1,040 

-4— 


B 


1,000 


2%" 


4x8 
12 - 14 


1,040 


! 1,040 


B 


1,000 


2% M 


6x6 
10 - 10 


1,140 


1,140 

i 


NOTE: 


*l/3 increase 
design not ap 


usually pei 
plicable. 


emitted on worl 


Icing stresses 


in seismic 
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Table 5-3. Shear on Anchor Bolts and Dowels - 
Reinforced Gypeum Concrete* 



Bolt or Dowel Size 
(Inches) 


Embedment 
(Inches) 


Shears 
(Pounds) 


3/8 Bolt 


5 


250 


1/2 Bolt 


5 


350 


5/8 Bolt 


5 


500 


3/8 Deformed Dowel 


6 


250 


1/2 Deformed Dowel 


6 


350 


NOTES: 1/3 Increase usually permitted on working stresses In seismic 
design Is not applicable. 

See Details Al and A3 In Figure 5-12. 



Table 5-*. Maximum Shear on Trussed Tees* 



Class A 


840 pounds per foot 


Class B 


1,140 pounds per foot 


NOTES: *l/3 increase usually permitted on working stresses in seismic 
design is not applicable. 

See Details A2. A4, and A5 in Figure 5-12. 
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figure 5-12. Poured Gypeun Diaphragms - Typioal Details 



t-U 



Digitized by 



Google 



TMS-Mt-10 

NAVFACP-355 

AFMtt-3,Chop. 13 



truss r&e sua porluu 



TYPICAL AS 

CUPAJJQLG- ATG&AR.U 
PLATS 



POUR&O QfYPSUM COJJQ. 




TYPICAL AS 
P&QUtR&D , w 

AjUQLG- COJJT fbG-rWG&tJ^/ 
JOISTS 

CHORO AARS 
AS REQUIRED 



MAsau/zy oa qojjq, 

WALL 



..T- 



opexi-w&9> 
sre&L joists 

ISOLTS - 2 MtJJ. P&A 
It&ARIJJO, k\ 



OeTAIL A 



eAV& 



L&YG-L JOIST 3G-ATS 




S&QTIOJJ SIMILAR 

to e-Ave a&ovg 

UUL&SS OTHG-RW/SQ- 

jjoreo 

DC-TAIL £> 
RIOGie- 

Figure 6-23. Poured Gypeum Diaphragm - Typioal Details with Open-Web Joiete 



Digitized by 



Google 



f-17 



TM 5-109-10 
NAVFACP-359 
AFM 81-3. Chap. 13 






of erf-**/* srt££ Je/sr 







4rtAt 



\ 



^ 



aOcrS - AS REQUIRED 
C/S040 64* - AS REQUIRED 

*Z-jH4setf*r 04 sort. #4ii 



D6TML A 



T— 






OPM- Hi 6 MU jttsr 



If 



r 




AS REQUIRED 
<VO40 £44 



* AS REQUIRED 



Derate & 
s#e/?/e P0#r/r/o/v 



Figure 5- J 4. ?<?urei Gypsum Diaphragms - 
Typical Details with Open-Web Joists 



S-lt 



Digitized by 



Google 



Thia indicates that the diaphragm will be in the 
semi-rigid category, however the span-depth and 
span limitations of the semi-flexible diaphragm 
should be need for this type of diaphragm. 

d Typical Details. Refer to figures 6-12, 6-13, 
and 5-14. 

5-4. St#»l Deck Diaphragms (Single and Mul- 
tiple Shoe! Docks), a. General Design Criteria. 
The following criteria will be used to design steel 
deck diaphragms. Three general categories of steel 
deck diaphragms are Type A (para 6-66), Type B 
(para 5-6c), and Decks with Concrete Fill (para 
6-6d). 

(1) Typical deck units and fastenings. The deck 
unite will be composed of a single fluted sheet or a 
combination of two or more sheets fastened to- 
gether with resistance welds. The special attach- 
ments used for field attachments of steel decks are 
shown in figure 6-16. In addition to those shown, 
standard fillet (1/8 inch X 1 inch) and butt welds are 
also used. The depth of deck units shall not be less 
than 1-1/2 inches. 

(2) Definitions of special symbols. Definitions 
of the special symbols used in the determination of 
the working shears and flexibility of steel deck dia- 
phragms are as follows: 






b 

Ci 

Ct 



c 



* Number of awn attachments in span L* along • 
saam. 

* Average spacing of profile channel closures, in 
feet. 

- Center to center spacing of seam welds in feet. 
Usually IVa. 

- Spacing of marginal welds in feet. 

- Width of deck unit in feet. 

- 1 

* 1 for buttontmnched seams; 40t i l/, i; for welded 
seams. 

■ 1 for button-punched seams; 160t t i; for welded 
seams. 

<L 

* 1 for button-punched seams; L* for welded 



1.2 for continuous angle closure; 1 for 

1.44 
continuous aee closure; Sp for profile channel 
closure. 

Distance in feet between outermost puddle 
welds attaching a deck unit to the supporting 



a 



■ Components contributing to the flex i b ility 
factor F (F - XF n ). See paragraph 5-2/. 

- Compressive strength of fill concrete at 2S daya 
m pounds par square inch. 

- Height of fluted elements in inches (1-1/2 inch 



1 



Lv 
U 






ti 

ti 



tf 



ratio of ■? for the various types of seem welds is 
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Gross moment of inertia of deck unit about 

vertical centerhne axis through unit in inches to 

the fourth power. 

Gross moment of inertia of deck unit about the 

horisontal neutral axis of the deck rrose section 

per foot of width in inches to the fourth power. 

Distance in fast between vertical resisting 

element (such as shear wall) and the point to 

which the deflection is to be determined. 

Average length of each deck unit in feet. 

Length of edge lip on deck panel in inches (see 

Detail Gin fig 5-15). 

Distance in feet between shear transfer 

elements. 

Vertical load span of deck units in feet. 

Minimum length in inches of seam weld. 

Effective length in inches of seam weld. The 

>b 

given in figure 5-15. 
'Average number of vertical deck elements per 

foot which are laterally restrained at the bottom 

by puddle welds. 

Working shear in pounde per foot. The one-third 

increase usually permitted on working stresses 

is not applicable to this value. 
: Components or limiting values of working shear 

in pounds par foot. 

Average shear in diaphragm over length L| in 

pounde per foot. 

U 

Section modulus in feet of puddle weld group at 

supports. (Each weld assumed aa unit area.) 

Thickness of flat sheet elements in inches (22 

gage minimum). 

Thickness of fluted element in inches (22 gage 

minimum). 

Effective thickness of fluted elements in inchee. 

ti 
See figure 5-16 for ratio of it. 

> Thickness of closure element in inches. 

> ThkkneesofflnovertopofcUckminchee. 

> Thickness to inches of deck sheet at ssams 
1 Unit weight of fill concrete to pounds per cubic 

foot. 

(3) Connections at ends and at supporting 
beams. Refer to Type A and Type B details, para- 
graphs 6-66 and 5-6c 

(4) Connections at marginal supports. Marginal 
welds for all types of steel deck diaphragms will be 
spaced as fellows: 



^.35,000(t i ^C lto|w ^ wi|df 
^m l*5]i for fillet welds and 



(6-6) 
(6-7) 

In no case will the spacing be greater than 3 feet. 
See figures 6-16 and 6-26. 

(6) Non-welded fastener*. Fastening methods 
other than welds, such as a^-drilling fasteners, may 
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te used provided that equivalence to the welded 
method can be shown by approved test data. The re- 
sults of such test data will be preeented by meant of 
equations or tables for q© and F in a manner similar 
to that used in paragraphs 6-66, 6-64 and 5-6d 
EXCEPTION: The option to fasten steel deck 
by powder actuated or pneumatically driven 
fasteners will be limited to Seismic Zone No. 1 
and to areas with a wind velocity of less than 
100 mph. 

(6) Maximum effective thicknesses and weld 
lengths. Even though greater thicknesses and weld 
lengths may be installed, the maximum values for 
use in determining the working shears in each type 
of diaphragm will be as follows: 



ti - t 2 - t, 

t c ■ .075 inch 
U ■ 2 inches 



.060 inch 



(7) Thickness of steel The thickness of steel be- 
fore coating with paint or galvanizing shall be in ac- 
cordance with following table. The thickness of the 
uncoated steel shall not at any location be less than 
95% of the design thickness. 





Design 


Minimum 


Gage 


Thickness 


Thickness 


22 


0.0295 


0.028 


20 


0.0358 


0.034 


18 


0.0474 


0.045 


16 


0.0598 


0.057 



6. Type A Diaphragms—Decks Having Shear 
Transfer Elements Directly Attached to Framing. 
Multiple plate steel decks with the flat element ad- 
jacent to framing members and single plate steel 
decks fall into this category of diaphragms when 
each deck unit is attached to the framing by at least 
2 puddle welds as described on figure 5-15. ti, t2t tt 
will not be less than 22 U.S. Standard gage. Seam 
attachments will be made at least at midspan of Ly 
but the spacing of attachments between supports 
will not exceed 3 feet on center. Typical details of 
■type A diaphragms and attachments are shown in 
figures 5-16, 5-17, and 5-18. 

EXCEPTION to 22 gage limitation: 22 gage is 
the minimum thickness unless cross bracing is 
used to take lateral loads. However, an excep- 
tion in Seismic Zone No. 1, for p re enginesred 
metal buildings with diaphragms lees than 22 
gage, requiroo that load teets be submitted for 
evaluation and approval 



(1) Shear capacity. The working shear will be 



S-20 



limited to that determined by the following for- 
mulas: 

QD"<qi-*-Q2$.wlMrt^C|lratqDisDOtte <*-S) 

(ApptiMoolywbta 

1,<V* inch, refer to (5-101 



10* 



qi- 

WlMTtK- 



92S(t 1 +t;>K 



Li y +F 2 +£jj2\ DtUilGtnfig 5-l&> 



-^[*|^usM]- 



3600U|Ca 



16-111 



(6-121 



(6-131 



(6-14) 



(2) Flexibility factor. The flexibility factor, F, 
will be determined by the following formulae: 



F-F,+F 2 +F 3 



Where 



Fi 



12<ti+ts) 









F,« 



600 



LvdStt: 



Mti + 



^trr 

12.6n«C,V 




(6-161 



(6-161 



(6-17) 



(6-16) 



The flexibility of theee diaphragms will vary within 
a wide range. Arrangements can be used which fall 
into the semi-rigid, semi-flexible, and flexible cate- 
goriee. 

(3) Sample calculations and tables. A summary 
of allowable shear (qa) and flexibility factors (F) far 
some of the more common cross-sections is shown in 
figure 6-19 and figure 6-20. Sample calculations 
using the formulas for theee cross-sections are given 
in figures 6-21 through 6-26. 

c. 7ypt B Diaphragms— Decks Having an Ele- 
vated Plane of Shear Transfer. Multiple steel decks 
with fluted elements adjacent to framing members 
and single plate steel decks with fluted elements in- 
capable of being welded to framing with at least two 
puddle welds per unit fall into this category of dia- 
phragm. This type of diaphragm has only welded 
seam attachments. The unite will be compoood of 



Digitized by 



Google 



TMI-I 

NAVFAC 

APMM-9,Cli 



wmt mum mem m mm 

srrv 




AurroN PUNCH 



nmnjiwm mtaiw 

QZWL 3 

seam ujslo 




D6T0/L C 
seam toecD 



r m -i 



0—i» 






s&*nu*LO 



oermL e 

SG9MU*LD 



D6TPIL f> 

seam weto 




i« at *A*t e* twckh 




W*SHU AiCOMHFNOi 



oep?K G 



S&WI WtLD 







M£m*mum 



* ««. 



vmum tut * *•» 

tfwitiatti 



*-***f«% Hm4*MOM ttt<C«l*ff*» Mft^ *ft 



Fig^r« 5-25. 5t#*l ZteoUc Diaphragms - Typioal Details of Fastenings 
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figure 5-16. Steel Deck Diaphragms - 
Typioal Attaahmente for Type A Diaphragms 
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Figure 5-17. Steel Deck Diaphragm of Type A Diaphragms - 
Typioal Details with Open-Web Joists 
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Figure 5-18. Steel Deck Diaphragm Type A - 
Typical Details with Open-Web Joists 
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Figure 5-19. Steel Deck 
Diaphragm Type A - 
Allowable Shears and 
Flexibility Factors 
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Figure 5-20. Steel Deck 
Diaphragm Type A - 
Allowable Sheare and 
Flexibility Footers 
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Figure 5-22. Steel Deok Diaphragm Type A - Sample Calculation So. 2 
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sheets not lees than 20 U.& Standard gage. Seam 
attachment spacing will not exceed 3 feet on center. 
Topical details of Type B diaphragms and attach- 
ments are shown in figures 5-28 through 5-28. 

(1) Shear capacity. The working shear will be 
limited to that determined by the following for- 
mulas: 



<to ■ <1».Q4. cr q* whichtvtr it ths Water, but 
not to excstd 1,060 pounds ptr foot. 






C&'XIO* 

(2) Flexibility factor. The flexibility factor, F, 
will be determined by the following formulas: 

F-r,+r 4 +r, 

Where 



,_ 8,600 
*' ■■*- 

r - «o.ooo 



<6-»4) 
<6-26> 



(6-*) 



The flexibility of these diaphragms will (all into the 
semi-rigid end semMtarfble categories. 

d Steel Dec** irttft Cbncrtt* Att This type of 
dianhraem is oomnossd of a aalvanised steel deck 
with a superimpoeed All of concrete having a mini- 
mum fe of 2,600 p.si. at 28 days and a minimum w 
of 00 pounds per cubic foot Minimum concrete fill 
over the deck will be 2-1/2 inchee. Temperature rein- 
forcement will be used in the fill with the minimum 
area of 6X8/110-110. Steel decks lees than 1-1/2 
inchee in depth do not qualify as diaphragms, thus 
only Uie concrete is considered 
paragraph (1) below. To satisfy anchorage require- 
ments required in paragraph 5-46, podtive inter 
locking between the steel deck and the concrete can 
be achieved by eitlwdsxkcmboccmcnta or indenta- 
tions, transverse wiree attached to the deck corru- 
gations, holee placed in the corrugations, or deck 
profile in which the flu ted elements are placed up so 
that the fill ie keyed with the deck. If interlocking 
between the deck and the concrete ie not achieved, 
then mechanical anchoragee will be required to an- 
chor the All to the exporting member as preecribed 
in paragraph 6-46(2). 

(1) Concrete a$ a diaphragm. If the diaphragm 
is loaded and reacted without shear s t resses passing 
through the deck or its attachments, the diaphragm 
is a concrete diaphragm ae deecribed in paragraph 

6-32 



6-4. Topical attachment details are shown in figure 
6-29, Details A and B. 

(2) Steel dock a$ a diaphragm 
(a) Shear capacity. If the diaphragm ahsars 
paae through the deck and ite attachmanta, the 
working shear will be determined by the folkming 
formulas: 



»-m 


to-«i+* 




HVt7) 


(6-M» 


Where 






(6-21) 


•- **&& 


in which K- 1,000 


(5-SSI 


(6-2X) 


Where 




(5-SSI 


>r, P, 


*■ *&- 




(*-W 


(S-8S) 


And 








**»V -KW 


(*-•!) 



(b) FUxibiUty factor. The flexibility factor, P, 
will be determined by using the formula: 



- * 



The flexibility of thooodisph^ 
the rigid category. 

M Sample calculation and table, typical at- 
tachment details are shown in figure 6-20, Details C 
and D. A summary of allowable ehears(qd)andflax- 
iUlltiee (D for a typical croee section ie ehown in 
figure 6-80. A solution to the formulas for a typical 
croee section of this type of diaphragm ie given in 
figure 6-81. 

6-7. Wood Dtophraams. & General Design Cri- 
teria. The following criteria will be used to design 
wood diaphragms. (Also, refer to chap 8, para 
8-8(J)8b.) 

(1) Straight iheathing. Straight sheathing dia- 
phragms will be constructed of one* or twO"inch 
•^syp ft iftf rt boarda, els or eight inchee no m i na l In width 
with boarda laid at right angles to the rafters or 
joists. Boards will be nailed to each rafter or joist 
and peripheral blocking using two 8d common nails 
for 1-inchXS-inch and l-inchX8-inch sheathing. 
For 2-inch sheathing, nails will be three 16d End 
joints of adjacent boarda will be sepa r a t ed by at 
least two joist or rafter spacss with at least two 
boarda between joints on same support The dia- 
phragm shear value will be as indicated in table 6-6. 
Diaphragms of this category will have a value of F 
(see para 6-2/ and table 6-1) in the order of 1.600 
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Figure 5-26. Steel Deck 

Diaphragm* - Typical 

Attachments to Frame for 

Type B Diaphragm* 
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of Shear Tranefer Elemente for Type B Diaphragm 
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Figure 5-29. Steel Deck Diaphragm - Typical 
Attachment of Deok with Concrete Fill 
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TabU 6-6. FUmtHUty and Allcvabl* Shtan 



HORIZONTAL OIAPBRAOMS 


F 


ALLOWABLE SHEAR 
Lb«.A.ln.Ft.(q D ) 


1" Straight Sheathing 


1,500 


50 


2" Straight Sheathing 


1,500 


40 


Conventional 1" Diagonal 
Shaathing - 1W & l"x8 M 


250 


300 


Conventional 2" Diagonal 
Shaathing 


250 


400 


Special Construction 


75 


600 


MOTE: THE ALLOWABLE SHEARS SHOWN IM TABLE ARE BASIC VALUES TO WHICH THE 
FACTORS FOR SPECIES SHOWN IN FIGURE 6-13 WILL BE APPLIED. 
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and will be considered a very flexible diaphragm. 
They will not be used for laterally supporting ma- 
sonry, concrete, or other walls which would be 
seriously affected by high floor to flow deflection. 

(2) Diagonal sheathing. The one-third increase 
usually permitted on working stresses in seismic de- 
sign is not applicable to the working shears given in 
this subparagraph. 

(a) Conventional construction. These dia- 
phragms will be made up of 1-inch nominal sheath- 
ing boards laid at an angle of approximately 45 
degrees to supports. Sheathing boards will be di- 
rectly nailed to each intermediate bearing member 
with not less than two 8d nails for one-inch by six- 
inch U"X6") boards and three 8d nails for boards 
eight inches <8") or wider, and in addition three 8d 
nails and four 8d nails will be used for six-inch (6") 
and eight-inch (8*) boards, respectively, at the dia- 
phragm boundaries. End joints in adjacent boards 
will be separated by at least two joist or stud 
spaces, and there will be at least two boards be* 
tween joints on the same support. Boundary mem- 
bers at edges of diaphragms will be designed to re- 
sist direct tensile or compr e s si ve chord str e sse s and 
will be adequately tied together at corners. 

1. Conventional wood diaphragms may be 
used to resist shears not exceeding 800 pounds per 
lineal foot of width. Two-inch (2") nominal diago- 
nally sheathed diaphragms may be used with a 
iMwimnm design shear of 400 pounds per lineal foot 
if 16d common nails are used in lieu of the 8d nails 
apefjfied for 1 inch nominal sheathing 

2. This category of diaphragms has a value 
of F of approximately 260 and will be considered as 
very flexible diaphragms and will not be used to lat- 
erally support masonry or concrete walls. 

(b) Special construction 

1. Special diagonally sheathed diaphragms 
will include two adjoining layers of 1 inch nominal 
sheathing boards laid diagonally and at 90 degrees 
to each other. 

2. Special diagonally sheathed diaphragms 
also include single-layered diaphragms, conforming 
to conventional construction and which, in addition, 
will have all elamente designed in con fo rmance with 
the following provision: Each chord or portion 
thereof may be considered as a beam loaded with a 
uniform load per foot equal to 60 percent of the unit 
shear due to diaphragm action. Tb* load will be as- 
sumed m acting nonnal to the chord in the plane of 
the diaphragm and either toward or away from the 
diaphragm. The span of the chord, or portion 
thereof, will be the distance between structural 
members of the diaphragm, such as joists or 



blocking, which serve to transfer the assumed load 
to the sheathing. 

8. Special diagonally sheathed diaphragms 
may be used to resist shears, due to seismic forces, 
provided such shears do not stress the nails beyond 
their allowable safe lateral strength and do not ex- 
ceed 600 pounds per lineal foot of width. For 
approximating deflections, a value of F of 76 will be 
used. Thus they fit into the category of flexible din- 
pnrag ms * 

(3) Plywood sheathing 

(a) All boundary members will be propor- 
tioned and spliced where necessary to transmit 
direct stresses. Framing member s will be at least a 
2-inch nominal width. In general, panel edges wQI 
bear on the framing member s and butt along their 
center lines. Nails will be placed not leee than three- 
eighths inch (SIS') in from the panel edge, not more 
than twelve inches (12*) apart along intermediate 
supports and six indies (6") along panel edge- 
bearings, and will be firmly driven into the framing 
members. No unblocked panels lees than twelve 
inchee<12') wide will be used. 

(b) The stiffneee of plywood diaphragm webe 
variee with the thicknees of plywood, nailing, and 
the joint blocking. Theee variablee also occur in ths 
determination of the working sheer values of the 
diaphragm. An F value for determining the stiffness 
category and for eetimating deflections will be 
determined using the following formula. 

w I ooo alI8 
Where 



qo- Allowable tl»irtpsclfi*liBUft»l»6-eiB 



M For plywood diaphragms the tabular 
vahiee of <jd vary between 110 pounds per foot to 
820 pounds per foot. From this, the value of F can be 
determined ae varying between 800 and 20. Thus, 
plywood diaphragms can be very flexible, flexible, 
or semi-flexible diaphragms depending on the i 
tion of the type of diaphragm to be used. 

(d) Nailing. Pneumatically or m 
driven steel wire staplee with a minimum crown 
width of 7/16 inch is an acceptable alternate method 
of attaching diaphragms. The crown of the staple 
will be installed parallel to the framing member. 
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NOTE: Table 5-6 Is reprinted, with permission, from Table 
32 In PLYWOOD CONSTRUCTION GUIDE, © 1978 American 
Plywood Association. 
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6. Typical Detail*. Refer to figure* 6-82 through 
6-86. 

5-1. Horiiontal bracing (wood or stool). 
a. General Design Criteria. The criteria used to de- 
sign horiiontal stssl bracing will be the "Specifica- 
tion for the Design, Fabrication, and Erection of 
Structural Stssl for Buildings, 99 AISC. The criteria 
for wood bracing will be "National Design Speci- 
fication for Wood Construction. 99 Reference should 
be made to chapter 8, paragraphs 8-3(J)lg and 
3-3<J)2d; paragraphs 6-2o(2) and 6-8d; and chapter 
6. paragraph 6-7, where applicable. 

6. General Discussion 
(1) General system. The entire system must be 
as simple, direct, positive, and effective as practica- 
ble. Although it is ordinarily preferable in nonoeio- 
mic design to have one definite, predetermined, and 



of resisting soy given load; for 
rhen the damage to a specific 
truss, column, or other member could cause com- 
plete failure, multiple systems are generally used. 
For example, if one truss is damaged, thess braces 
would pick up its load sufficiently to prevent com- 
plete coDapoe. 

(2) Functions af roof and floor bracing. The 
basic functions of roof or floor bracing are to: (a) 
ham the top (compression) chor ds of trassss (or 
frameo) from budding laterally, (b) prevent U us e e s 
from tipping over, (c) steady the columns, and (d) 
transmit the lateral forcee to the vertical bracing 






(8) Connections. In lieu of developing the fall 
capacity of the member or part concerned, the con- 
nections will be deeigned for 1.26 times the design 
force without the onrthird increeee usually permit- 
ted. 
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Figure 5-Z2. Wood Diaphragm and Shear Wall Nailing 
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rijure 5-34. Wood Diaphragms - Typical Strut Connection Details 
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CHAPTER 6 
WALLS AND BRACED FRAMES 



t-1. Purpose and scop*. This chapter pre- 
scribes the criteris for the design of walls and 
vertical bracing of buildings for seismic resistance; 
indicates the principles and factors governing the 
application of horizontal forces normal to the plane 
of walla, parallel to the plane of walls (shear walls), 
and parallel to the plane of braced frames; gives cer- 
tain design data; and illustrates typical details of 
construction. 

4*2. General • Buildings are composed of vertical 
and horizontal structural elements which resist lat- 
eral forces. Hie forces originating from the mass of 
vertical dements may be transferred either directly 
to the ground, as in the case of vertical cantilevers, 
or to horizontal resisting elements other than the 
ground through vertical beam action of the vertical 
elements. The forces originating from the mass 
tributary to horizontal elements are distributed by 
such horizontal elements to vertical elements which 
in turn transmit such forces to the ground. Vertical 
elements used to transfer lateral forces to the 
ground are: (1) shear walls, (2) braced frames, and (3) 
moment resisting frames. This paragraph covers 
bask functions, essential characteristics, and seis- 
mic loads for walls (loaded normal and parallel to 
their plane) and braced frames. Specific factors, cri- 
teria, and typical details of design of walls and 
braced frames using various materials of construc- 
tion are described in paragraphs 6-3 through 6-8. 
Moment resisting frames are covered in chapter 7. 

a. Types of Walls and Loading Conditions. Walls 
may be subjected to both vertical (gravity) and hori- 
zontal (wind or earthquake) forces. A wall carrying a 
vertical load other than its own weight is called a 
bearing wall The horizontal forcee acting on a wall 
may be either normal to the wall or parallel to the 
wall A shear wall resists horizontal forces parallel 
to the wall Any wall or partition which carries a ver- 
tical load other than its own weight, and/on which 
resists a horizontal force parallel to the wall, is 
classified as a structural wall. The combined effects 
of horizontal forces and vertical load on a wall must 
be considered. Walls and partitions must be de- 
signed to withstand all vertical loads and horizontal 
forces, both parallel to and normal to the flat 
surface, with due allowance for the effect of any ec- 
centric loading or overturning forces generated. 
Any wall which is isolated on 3 sides (both ends and 
top) ao aa not to resist external loads or forces paral- 



lel to the wall is classified as nonstructural. A 
nonstructural wall shall be able to resist horizontal 
wind or seismic forces normal to the wall. Noniso- 
lated walls will obviously participate in shear 
resistance to horizontal forces parallel to the wall, 
since they tend to deflect and be stressed when the 
framework or horizontal diaphragms deform under 
lateral forces. 

6. Loads Normal to Walls. Walls and partitions 
must safely resist horizontal seismic forces normal 
to their flat surface (figs 6-1 and 6-8 and fig 4-6); 
and moments and shears induced by relative 
deflections of the diaphragms above and below (fig 
6-2), For diaphragm deflections refer to chapter 6. 
When a wall resists horizontal forces perpendicular 
to it, it usually distributes such loads vertically to 
the horizontal resisting elements above or below. It 
may also distribute horizontally to shear walls or 
frames (chap 4, para 4-4d and fig 4-6). A wall may 
be either continuous or discontinuous across ite sup- 
ports. The horizontal seismic force normal to a wall 
is a function of its weight The formula given in 
chapter 3, paragraph 3-3(0), for the magnitude of 
this force is F p » ZICpW p with Cp - 0.30. (For 
cantilevered walls, see paragraph c below.) This 
seismic force will be applied to the wall in both in- 
ward and outward directions. However, wind forcee, 
other forces, or interstory drift will frequently gov- 
ern the design. 

c Cantilevered Walls. Where walls, such aa para- 
pets, are cantilevered, the anchorage for reaction 
and cantilever moment is required to be fully devel- 
oped (fig 6-3). Cp for this condition is 0.80 per 
chapter 3, paragraph 3-3(0) and table 3-4. Where a 
parapet wall is anchored to a concrete roof slab and 
is not a continuation of a wall bekrir, the roof slab 
will be designed for the cantilever moment. Where 
the parapet is a continuation of a wall below, the 
cantilever moment will be divided between the con- 
crete slab and the wall below in proportion to their 
relative stiffnesses. Where the parapet is an exten- 
sion of a wall below and is anchored to a roof or floor 
of wood, metal deck, or other similar materials, the 
moment at the base of the parapet will be developed 
into the wall below. In this case the anchorage force 
to the roof will be determined by the usual methods 
of analysis, assuming a pinned condition for the con- 
nection of the roof to the wall. 

d Shear Walls-Loads Parallel to Wall 
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Horizontal forces at any floor or roof level are gener- 
ally transferred to the ground (foundation) by using 
the strength and rigidity of shear walls (and parti- 
tions). A shear wall may be considered analogous to 
a cantilever plate girder standing on end in a verti- 
cal plane where the wall performs the function of a 
plate girder web, the pilasters or floor diaphragms 
function as web stiffeners, and the integral rein- 
forcement of the vertical boundaries function as 
flanges. Axial, flexural, and shear forces must be 
considered in the design of shear walls. The tensile 
farces on shear wall elements resulting from the 
combination of seismic uplift forces and seismic 
overturning moments must be resisted by anchor- 
age into the foundation medium unless they can be 
overcome by gravity loads (e.g., 0.9 of dead load) 
mobilized from neighboring elements (this is dis- 
cussed more fully in chap 4, para 4-46, 4-4c(2) 9 and 
4-8). A shear wall may be constructed of materials 
such as concrete, wood, unit masonry, or metal in 
various forms. Working stresses of such materials 
as caet-in-place reinforced concrete and reinforced 
unit-masonry are well known and present no prob- 
lem to the designer once the loading and reaction 
system is determined. Other materials frequently 
used to support vertical loads from floors and roofs 
have well-established vertical load-carrying charac- 
teristics but have required tests to demonstrate 
their ability to resist lateral forces. Various types of 
wood sheathing and metal siding fall into this cate- 
gory. Where a shear wall is made up of units such as 
plywood, gypsum wallboard, tilt-up concrete units, 
or metal panel units, its characteristics are, to a 
large degree, dependent upon the attachments of 
one unit to another and to the supporting members. 

(1) Rigidity. The magnitude of the total lateral 
forces at any story or level depends upon the struc- 
tural system as a whole. The proportion of that total 
horizontal load carried by a particular shear wall is 
based on ite relative rigidity considering the rigidity 
of the other walls and the diaphragms. The rigidity 
of a shear wall is inversely proportional to its deflec- 
tion under a unit horizontal force. Where shear walls 
are tied together by a rigid diaphragm or bracing so 
that all must deflect equally, the total translational 
lateral force is shared in direct proportion to their 
relative rigidities (torsional moments must also be 
considered, chap 4, para 4-4e(2)). Wall deflection is 
the sum of the deformations due to shear and 
flexure (fig 6-4) plus any additional displacement 
that may occur due to rotation at the base. 

(a) The rotation at the foundation can greatly 
influence the overall rigidity of a shear wall because 
of the very rigid nature of the shear wall itself; how- 
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ever, the rotational influence on relative rigidities of 
walls for purposes of horizontal force distribution 
may not be as significant. Considering the complex- 
ities of soil behavior, a quantitative evaluation of 
the foundation rotation is generally not practical, 
but a qualitative evaluation, recognizing the limita- 
tions and using good judgment, will be provided. 

(b) The relative rigidity of concrete or unit 
masonry walls with normal openings is usually 
much greater than that of any building framework. 
Urns, the walls tend to resist essentially all or a ma- 
jor part of the lateral force. 

(2) Shear wall with openings. The impact on the 
size and number of openings in shear walls to resist 
lateral forces must be considered. If openings are 
very small, their effect on the overall state of stress 
in a shear wall is minor. Large openings have a more 
pronounced effect and, if large enough, result in a 
system in which typical frame action predominates. 
Openings normally occur in regularly spaced verti- 
cal rows throughout the height of the wall and the 
connection between the wall sections is provided by 
either connecting beams (or spandrels) which form a 
part of the wall, or floor slabs, or a combination of 
both. If the openings do not line up vertically and/or 
horizontally, the complexity of the analysis is 
greatly increased. In most cases, a rigorous analysis 
of a wall with openings is not required. When de- 
signing a wall with openings, the deformations must 
be visualized in order to establish some approximate 
method to analyze the stress distribution to the 
wall. Figures 6-4 and 6-6 give some visual descrip- 
tions of such deformations. The major points that 
need to be considered are: (1) the lengthening and 
shortening of the extreme sides (boundaries) due to 
deep beam action, (2) the stress concentration at the 
.corner junctions of the horizontal and vertical com- 
ponents between openings, and (3) the shear and di- 
agonal tension in the horizontal and vertical compo- 
nents. 

(a) Relative rigidities of piers and spandrels. 
The ease of methods of analysis for walls with 
openings is greatly dependent on the relative rigidi- 
ties of the piers and the spandrels, as well as the 
general geometry of the building. Figure 6-6 shows 
two extreme examples of relative rigidities of exte- 
rior walls of a building. In figure 6-6a the piers are 
very rigid and the spandrels are very flexible. 
Assuming a rigid base, the shear walls act as verti- 
cal cantilevers. When a lateral force is applied, the 
spandrels act as struts which flexurally deform to be 
compatible with the deformation of the cantilever 
piers. It is relatively simple to determine the forces 
on the cantilever piers by ignoring the deformation 
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(a) Shear Deformation (b) Flexural Deformation 
Figure 9-4, Shear Wall Deformation 
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Figure 6-5. Deformation of Shear Vail with Openings 
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Figure 0-0. Relative Rigidities of Piers and Spandrels 
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characteristics of the spandrels. The spandrels are 
then designed to be compatible with the pier defor- 
mations. In figure 6-6b, the piers are relatively 
flexible compared to the spandrels. The spandrels 
are assumed to be infinitely rigid and the piers are 
analyzed as fixed ended columns. The spandrels are 
then designed for the forces induced by the columns. 
The overall wall system is also analyzed for over 
turning forces that induce axial forces into the 
columns. The calculations of relative rigidities for 
both cases shown in figure 6-6 can be aided by the 
charts in figure 6-11, paragraph 6-36(3). For cases 
of relative spandrel and pier rigidities other than 
those shown, the analysis and design becomes more 
complex. 

(bf Methods of analysis. Approximate meth- 
ods for analyzing walls with openings are generally 
acceptable. (See app C, example C-4.) For the simple 
cases shown in figure 6-6 the procedure is straight- 
forward. For more complex cases, a variation of as- 
sumptions may be used to determine the most crit- 
ical loads on various elements, thus resulting in a 
conservative design. {Note: In some cases a few ad- 
ditional reinforcing bars, at little additional cost, 
can greatly increase the strength of shear walls with 
openings.) However, when the reinforcement re- 
quirements or the resulting stresses of this ap- 
proach appear excessively large, a rigorous analysis 
may be justified. 

(3) Dual systems. Buildings may utilize both 
shear walls and moment resisting space frames to 
resist lateral forces. The total lateral load is 
assumed to be resisted by the shear walls and the 
frame is assigned to resist nominally 25 percent of 
the total lateral load. It is assumed that the contri- 
bution of the frame for lateral resistance will 
provide redundancy and will provide a reserve 
strength against complete collapse if the shear walls 
should fail. However, the difference in behavior be- 
tween walls and frames results in nonuniform 
interacting forces between these elements when 
they are connected together by floor slabs (see chap 
4, para 4-4«(3) and fig 4-7). Therefore, the distribu- 
tion of forces in accordance with the relative 
rigidities and the interaction of walls and frames 
must also be considered (table 3-3). 

(4) Special loading and detail requirements. All 
portions of a shear wall will be designed to resist the 
combined effects of axial loads (if any) and other 
boundary forces as determined from a rational dis- 
tribution of the total prescribed lateral forces on the 
structure as a whole. Special criteria to control 
brittle behavior and to provide greater elastic re- 
sponse capacHy of shear walls in concrete and unit- 
raaaorr * ,o...r ' v, stipulated in paragraph 6-3 



and in chapter 3, paragraph 3-3(J)lh, respectively. 
A modified load factor for shear and diagonal ten- 
sion is used for buildings without a 100 percent 
ductile moment resisting space frame. Vertical 
boundary elements (e.g., structural steel or confined 
reinforcement) are to be provided at the edges of 
shear walls (and similar confinement adjacent to 
wall openings) under certain prescribed conditions 
(para 6-3a(lMd) and 6-8). 

e. Braced Frames. The use of braced frames is an 
acceptable alternative method to resist lateral 
forces in place of shear walls. The material may be 
reinforced concrete, structural steel, or wood. Verti- 
cal bracing systems are used to transfer the 
horizontal forces at the floor or roof levels to the 
foundations. The function of the bracing is to resist 
forces that tend to deform the building in the direc- 
tion parallel to the plane of that bracing, and to 
transmit these lateral loads to the foundation. As 
with other systems, the deformations to be expected 
in a major earthquake can be much greater than 
those found using the prescribed forces. As the duc- 
tility of conventional braced systems has not been 
adequately demonstrated, multiple braces (see fig 
6-7) should be used whenever possible to increase 
the redundancy. See paragraph 6-7 for vertically 
braced frames. 

(1) Layout When planning a bracing system of 
a building, consider the structure as a whole (see figs 
5-4 and 6-7; also, refer to chap 5, para 5-2a(2), for 
horizontal bracing systems). Visualize the ways in 
which a structure might fail, and provide bracing to 
keep the structure from collapsing. The designers 
must be certain just where every door, window, 
passageway, obstruction, and other controlling fea- 
tures will be located before placing the bracing. The 
architect must be certain just where the bracing is 
to be placed before deciding the type of fenestration. 

(2) Lateral force resistance. The braced framing 
must be designed to carry the lateral force reactions 
from the roof and floors. The entire system must be 
as simple, direct, positive, and effective as practica- 
ble. However, multiple systems will generally be 
used for seismic purposes when the damage to a 
specific member could cause complete failure. For 
example, if one braced frame should be damaged, 
the other braced frames would pick up its load suffi- 
ciently to prevent complete collapse. Locate vertical 
braced frames so as to limit torsion. 

6-9. CesMn-plece concrete sheer wells end 
co n c rete braced frames, a Oemral Design 
Criteria The criteria used to design reinforced con- 
crete shear walls will be ACI 818-77 except Appeo* 
dix A, and as modified by the SEAOC Section 8 (re- 
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printed below) and in this manual. For tilt-up and (1) SEAOC Section 3, Concrete Shear Walls 

other precast concrete shear walls, refer to para- and Braced Frames (Modification* art in italic*). 
graph 6-4. 

(A) General. 

Design and construction of reinforced concrete shear walls and reinforced 
concrete braced frames used to resist seismic forces shall conform to the re- 
quirements of the A.C.I. Building Code, A.C.I. 318, and all the requirements of 
SEAOC Section 3 as modified herein. 

Shear walls and braced frames shall be designed by the strength design 
method except that the alternate dssign method may be used provided that 
the factor of safety in shear and diagonal tension is equivalent to that achieved 
with the strength design method. 

A.C.1. 318, for earthquake loading, shall be modified to: 

U - 1.4(D+L) + 1.4E (0-1)* 

U - 0.9 D + 1.4E (6-2) 

provided further than 2.0 E shall be used in both equations in calculating shear 
and diagonal tension in buildings other than those complying with require- 
ments for buildings with K = 0.67. 

(B) Broc#d From#t . 

Reinforced concrete members of braced frames subjected primarily to 
axial stresses shall have special transverse reinforcing as set forth in Section 
2(E)4 e throughout the full length of the member. Tension members shall addi- 
tionally meet the requirement for compression members. 

EXCEPTION: In Zone 1 and for Zone 2 buildings under 160 feet, the pro- 
visions of chapter 7, paragraphs 7-4a{15) and (16) will satisfy this requirement 

(C) Shear and Diagonal Tension Strength Design. 

1. Sheer Stress. The nominal ultimate shear stress v tt , resulting from 
forces acting parallel to shear walls shall be computed by 

Vu TC (0-3) 

where 

V u m Ultimate shear computed according to Section 1 and including 

the effect of gravity loads. 
Ac s Area of concrete sections resisting V a . 

2. Sheer Stress Limits. The ultimate shear stress v u thus computed shall 
not exceed that given by 

v„«2V£+pf yt (6-4) 

where "p" is the ratio of the area of reinforcement to the area of concrete 
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section resisting the shear V tt . At least an equal percentage of reinforce- 
ment "p" *h*U ** provided perpendicular to that required to satisfy 
Formula (6-4). 

The average horizontal shear v u for all wall piers sharing a common lateral 
force component shall not exceed 

8V£ {6-6) 

and the v u in any of the individual wall piers shall be not more than 

lOV^" (0-6) 

The value of the vertical shear v u shall not exceed 

10V£" {6-1) 

for horizontal wall elements. 

3. Minimum Rolnforcomont. The minimum reinforcing ratio "p" for 
all walls designed to resist seismic forces acting parallel to the wall shall be 
0.0026 each way. The maximum spacing of reinforcement each way shall not 
exceed d/3 or eighteen inches (18*) 9 whichever is smaller, where "d" is the di- 
mension of the wall element parallel to the shear force. That portion of the wall 
reinforcement required to resist design shears shall be uniformly distributed. 
See figure 6-8 

4. Anchorogo off Rolnforcomont. Wall reinforcement required to re- 
sist wall shear shall be terminated with not less than a 90 degree bend plus a 6 
bar diameter extension beyond the boundary reinforcing at vertical and hori- 
zontal end faces of wall sections. Wall reinforcement terminating in boundary 
columns or beams shall be fully anchored into the boundary elements. 

(D) Vortical Boundary Mambars for Shaar Walls. (See figure 6-9) 

Special vertical boundary elements shall be provided at the edges of con- 
crete shear walls designated a$ Shear Wall Type A in chapter 3, table 8-7.* 
These elements shall be composed of concrete encased structural steel ele- 
ments of ASTM, A36, A441, A500 (Grades B and a A601, A672 (Grades 42> 
45, 60 and 66) or A688 or shall be concrete reinforced as required for columns in 
Section 2(E) with special transverse reinforcement as described in Section 
2(E)4 for the full length of the element The longitudinal reinforcing in these 
concrete boundary elements shall conform to the requirements of Section 
2tOZ' (Le., chap Zpara 7-&UMQ2).* 

The boundary vertical elements and such other similar vertical elements 
as may be required shall be designed to carry all the vertical stresses resulting 
from the wall loads in addition to tributary dead and live loads and from the 
horizontal forces as prescribed in chapter A Horizontal reinforcing in the walls 
shall be fully anchored to the vertical elements. 

Similar confinement of horizontal and vertical boundaries at wall openings 
shall also be providecTunless it can be demonstrated that the unit compressive 
stresses at the opening are less than the prescribed limits when using For- 
mulas (6-1) and (6-2) modified with 2.0E instead of 1.4E. 
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For Sections A-A, B-B, and C-C, see Figure 6-10. 
Special vertical boundary members, as shown above, shall be 
provided at the edges of concrete shear walls designated as 
Shear Wall Type A (paragraph 6-3a(l)(D)). 



Figure 6-9. Shea* Wall Type A - Special Boundary Members 
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(2) Classification of concrete shear walls and 
concrete braced frames. Concrete shear walls and 
braced frames are classified under three categories 
for use in table 3-7 in section 3-6. 

(a) Shear Wall Type A. Reinforced concrete 
shear walls with vertical boundary members, de- 
signed in accordance with the provisions of para- 
graph 6-3a(l), are classified as Shear Wall Type A. 

(b) Shear Wall Type B. Reinforced concrete 
shear walls designed similar to Shear Wall Type A, 
with the exception of paragraph 6-3a(lMD) (i.e., spe- 
cial vertical boundary elements are not required), 
are classified as Shear Wall Type B. 

(d Braced frames. Reinforced concrete braced 
frames will be designed in accordance with the pro- 
visions of paragraph 6-3o(lMB). 

b. Discussion of Wall Deflections, Shear Distribu- 
tion, and Assumptions 

(1) Wall deflections. The deflection of a concrete 
shear wall is the sum of the shear and flexural deflec- 
tions. In the case of a solid wall with no openings the 
computations of deflection are Quite simple. How- 
ever, where the shear wall has openings in it, as for 
doors and windows, the computations for deflection 
and rigidity are much more complex. An exact anal- 
ysis, considering angular rotation of elemente, rib 
shortening, etc., is very time consuming. For this 
reason, several short-cut approximate methods in- 
volving more or less valid assumptions have been 
developed. These do not always give consistent or 
satisfactory results. Therefore, conservative ap- 
proach and judgment must be used. Refer to para- 
graph 6-2d(2) for additional discussion. 

(2) Shear distribution. It is necessary to make a 
logical and consistent distribution of story shears to 
each wall. Rigidity analysis is discussed in chapter 
4, paragraph 4-4*, and in paragraph 6-2d of this 
chapter. An exact determination of the story shear 
distribution is very difficult and is not necessary. 
Approximate methods in which the deflections of 
portions of walls are combined usually are adequate. 
Examples illustrating various methods of rigidity 
computations are shown in appendix C. 

(3) Deflection charts. Deflection charts for 
fixed-ended corner and rectangular piers are shown 
in figure 6-11. Curves 6 and 6 are for cantilever cor- 
ner and rectangular piers. The corner pier curves are 
for the special case where the I (moment of inertia) 
of the corner pier is 1.5 times the I of a rectangular 
pier. For other I values the bending portion of the 
deflection would be proportional. The deflections 
shown on the charts are for a horizontal load P of 
1,000,000 pounds. The deflections shown on the 
charts are reasonably accurate. The formulas writ- 
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ten on the curves can be used to check the result*. 
However, the charts will give no better results than 
the assumptions made in the shear wall analysis. 
For instance, the point of contraflexure of a vertical 
pier may not be in the center of the pier height. In 
some cases the point of contraflexure may be 
selected by j udgment and an interpolation made be- 
tween the cantilever and fixed conditions. 
(4) Assumptions 

(a) The foundation is unyielding or that soil 
pressures will vary as a straight line under a wall 
when subjected to overturning. These may not al- 
ways be realistic assumptions, but are generally 
adequate for design purposes. 

(b) Where the openings in a shear wall are so 
large that the resulting wall approaches an assem- 
bly similar to a rigid frame (h/d values off the chart), 
the wall will be analyzed as a rigid frame. 

c Construction Joints and Dowels. The contact 
faces of shear wall construction joints have exhib- 
ited slippage and related drift damage in past 
earthquakes. Consideration must be given to loca- 
tion and details of construction joints. They must be 
dean and roughened. It is highly desirable to pro- 
vide intermittent shear keys in Seismic Zone Noe. 3 
and 4. Shear friction reinforcement may be provided 
in accordance with ACI (318-77) Section 11.7. A co- 
efficient of friction of 0.6 is suggested to account for 
seismic effects. 

*-4. Tilt-up and other precast concrete shear 
walls, a Analysis. Where tilt-up or precast con- 
crete walls are used as shear walls, the basic 
analysis is the same as that for walls of cast-in-place 
concrete. In this case the boundary conditions be- 
come critical and the shears between precast and 
cast-in-place dements must be analyzed. Shears be- 
tween two precast elements or between a precast 
element and a cast-in-place element may be devel- 
oped by shear keys, dowels, or welded inserts. The 
contact joint itself is a cold joint and will be given no 
shear or tension value. 

6. Joints. Weakened plane joints are frequently 
provided in poured-in-place concrete to routs cracks 
caused by shrinkage or temperature change. These 
joints normally do not affect the analysis of shear 
walls. However, in precast concrete elements, joints 
are frequently provided which structurally separate 
one dement from another. In the case of precast 
wall construction, for instance, one might have a se- 
ries of concrete elements tied together at top and 
bottom but structurally separated from each other 
by vertical joints. Since all element* *~ - Mne are tied 
together at the top they must h izontal 
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Figure 6-Ua. Design Oaves for Masonry and Concrete Shear Walls 
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Figure 6-llb. Design Curves for Masonry 
and Concrete Shear Walls 
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deflections and therefore a horizontal force parallel 
with the line of units will be resisted by the individ- 
ual dements in proportion to relative rigidities. 
Such elements may not have equal rigidities since 
eome may contain large openings or may be of dif- 
ferent height-width ratios. Some elements may 
deflect primarily in shear and others primarily in 
flexure. Where significant dissimilar deflections are 
found, the building elements tying the individual 
unite together must be analyzed to determine their 
ability to resist or accept such deformations in- 
cluding angular rotation without losing their ability 
to function as ties or diaphragm chords or footings. 
The use of mechanical keys or sleeved dowels may 
be used to assist in eliminating differential move- 
ment of adjacent precast panels separated by 
control joints where appearance and weather-tight- 
\ are otherwise satisfactorily provided. 



a Connectors for Shear Walls. Past experience in- 
dicates that the performance of weld plates or other 
nonductile connectors has been poor and in many 
cases they have resulted in failures during earth- 
quakes. These connectors have been weak links in 
the shear wall connection. It is important that the 
load bearing shear walls be more stringently or con- 
servatively designed since any connector failure 
during an earthquake may result in progressive fail- 
ure to collapse. Therefore, all connectors for load 
and nonload bearing walls will be designed for three 
times the actual seismic shear forces. The shear 
force will be uniformly distributed throughout the 
height or length of the shear wall with reasonably 
spaced connectors (maximum spacing 4'-0") rather 
than with a few which will have localized concentra- 
tion of stresses. Detailed calculations will be made 
including the localized effects in concrete walls 
attributed from these connectors. Sufficient details 
of connectors and embedded anchorage will be pro- 
vided to preclude construction deficiency. 

d Typical Details. Refer to figure 6-12 for typical 
details of attachments. 

4-5. Wood stud shear walls, a Working 
Shears Except Plywood Figure 6-18 gives in tabu* 
lar form the maximum height-width ratios and 
allowable shear per lineal foot for wood stud shear 
walls with various types of sheathhft or plaster ex- 
cept for plywood sheathed walls. The usual 33-1/3 
percent increase for short-time seismic loads is not 
applicable to these allowable shear values. The 
strength of any wood stud shear wall may be made 
up of a combination of the materials listed. In no 
case shall the allowable shears for com bi nati on s of 
materials exceed 600 pounds per lineal foot. 
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6. Working Shears for Plywood. Details of ply- 
wood sh e athed walls are shown on figure 6-14 and 
the allowable working shears are shown in figure 
6-15. When a combination of plywood and other ma- 
terials is used, the shear strength of the walls will be 
determined by the values permitted for plywood 
alone (fig 6-16). 

c Deflections. The deflection of wood frame shear 
walls at the present time is not readily computable. 
The maximum height-width limitations given herein 
are presumed to satisfactorily control deflections. 
Relative stiffnesses of wood stud shear walls will be 
measured by the effective lineal width of walls or 
piers between openings. 

d. Let-In Brace. Except when used in combina- 
tion with diagonal sheathing or plywood, a one-inch 
by four-inch brace let into the studs may be used to 
resist an additional horizontal force not exceeding 
1,000 pounds, provided the total value of the shear 
wall does not exceed 600 pounds per foot. Each such 
brace shall be nailed to each stud and to the top and 
bottom plates with two 8d nails. 

e. Wall Tie-Down. The end studs of any plywood 
sheathed shear wall and/or shear wall pier will be 
tied down in such a manner as to resist the overturn- 
ing forces produced by seismic forces parallel to the 
shear wall. This overturning force is sometimes of 
sufficient magnitude to require special steel attach- 
ment details. A commonly used detail is shown on 
figure 6-16. Tie-downs will be computed using the 
required stresses for wood and its fastenings in* 
creased SS-l/S percent for seismic forces. 

6-4. Steel stud walls. Some small structures 
may be constructed using steel stud structural 
walls. In order for this type of wall to be capable of 
acting as a shear wall, some form of bracing is re- 
quired. When the design forces permit, the detail 
shown on figure 6-17a may be used to resist a total 
of 1,000 pounds. In larger buildings where the de- 
sign forces become greater, this method is impracti- 
cal and other shear wall systems may be required. 
Figure 6-17b shows typical details at top of walls. 

4-7. Vertically braced frames, a General De- 
sign Criteria. The criteria governing the design of 
vertical braced framee will be chapter 3, paragraph 
S-S(J)lg, paragraph 6-2 of this chapter, and as pre- 
scribed in this paragraph. 

(1) Structural steel braced frames. Members of 
braced framee will be composed of ASTM A36, 
A441, A600 (Grades B and C), A501, A672 (Grades 
42, 46, 60, and 66), or A688 structural steel and will 
conform to the AISC "Specification for Design, 
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Figure 6-15, Working Streeeee for Plywood 
Sheathed Wood Stud Walle 
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Fabrication, and Erection of Structural Steel 
Buildings." 

(2) Reinforced concrete braced frames. Will con- 
form to the requirements of paragraph 6-3a(l)(B). 

(3) Wood braced frames. Wood braced frames 
will be designed using normal procedures illustrated 
in many easily obtainable texts and are not covered 
in this manual. "National Design Specifications for 
Wood Construction" (1977 Edition and 1980 Sup- 
plement), NFPA, applies. 

6. General Discussion. 

(1) Definition of braced frame. In chapter 3, 
paragraph 3-3(B), a braced frame is defined as a 
truss system or its equivalent which is provided to 
resist lateral forces and in which the members are 
subjected to axial stresses. The determination of 
whether a bracing system, such as one utilising deep 
knee braces, is a braced frame or a moment resisting 
frame is explained in the 1960 SEAOC Commentary 
(p. 32) as follows: "If the deflection of a braced bent 
is predominantly due to bending and rotation of in- 
dividual members rather than the direct stress 
distortion of shear carrying bracing members, it 
may be considered a frame; if it deflects primarily 
due to the distortion of the shear carrying member it 
is a shear wall." Braced frames may be made of any 
approved structural material (para 6-2* ). Braced 
frames may be of various forms. The X-braced pan- 
da, consisting of diagonal tension members and 
vertical compression members, are most frequently 
used (fig 6-18). Trussed portal bracing or K-bracing 
is frequently used to permit unobstructed openings 
(fig 6-20). Braced frames with single diagonal mem- 
bers capable of taking compression as well as 
tension are used to permit flexibility in the location 
of openings (fig 6-19). The deflection of braced 
framee is readily computed using recognized 
methods. 

(2) Function of braced frame. The function of 
the bracing is that of resisting forces that tend to 
deform the building in a direction parallel to the 
plane of that bracing, and to transmit these lateral 
loads to the foundation. As with other systems, the 
deformations to be expected in a major earthquake 
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can be much greater than those found using the pre- 
scribed forces. As the ductility of the usual braced 
systems has not been adequately demonstrated 
multiple braces should be used whenever possible 
(see para 6- 2t). 

(3) Connections. Obviously » a member will not 
support loads in excess of what its connections and 
other details can hold. As a general principle, these 
details should be sufficient to develop the useful 
strength of the member or part concerned, regard- 
less of calculated stress. In lieu of developing the 
full capacity of the member or part concerned, the 
connections will be designed for 1.26 times the de- 
sign force without the one-third increase usually 
permitted. 

c. Special Requirements for Braced Frames. Refer 
to chapter 8, paragraph 3-3(J)lg, for special load 
factor and connection requirements for braced 
frames. Reference should also be made to the 
SEAOC Commentary, pages 47-C and 48-C. 

6-8. Masonry shear walls. Distribution* of 
shears to masonry walls will be in a similar manner 
as described for cast-in-place concrete walls. For 
typical masonry shear wall details, see chapter 8, 
Reinforced Masonry. When masonry shear walls are 
used as part of a dual system (i.e., K«0.8 per cat- 
egory 8 in table 3-3) in Seismic Zones 2, 3, or 4, 
special vertical boundary elements are required. 
These elements will be composed of structural steel 
or reinforced concrete in accordance with paragraph 
6-3a(l)(D) or will be composed of masonry columns 
or pilasters in accordance with chapter 8, paragraph 
8-14. 

6-9. Metal wall systems. Metal wall panels or 
sidings less than 22 gage are not permitted for use 
as shear walls. Metal decking and attachments com- 
plying with chapter 5, paragraph 6-6 will be 
permitted for use as shear wall diaphragms. 

EXCEPTION: In Seismic Zone 1, a pre- 
engineered metal building with panels less than 
22 gage requires that load tests be submitted 
for evaluation and approval 
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Fig. 6*18. X- BRACED FRAME (diagonals In tension; 
verticals In tension or compression). 
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Fig. 6-19. BRACED FRAME (diagonals 
and verticals In compression or 
tension) • 
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CHAPTER 7 
SPACE FRAMES 



7-1. Purpose and scope. This chapter pre- 
scribes the criteria for design of moment resisting 
space frames of buildings in seismic areas; indicates 
principles, factors, and concepts involved in seismic 
design of moment resisting frames; gives design 
data; and illustrates typical details of construction. 
For braced frames which act as shear walls, refer to 
chapter 6. 

7-2. General. A space frame, as defined in chap- 
ter 3, paragraph 3-3(B), is a three-dimensional 
structural system, without bearing walls, composed 
of interconnected members laterally supported so as 
to function as a complete self-contained unit with or 
without the aid of horizontal diaphragms or floor 
bracing systems. 

a Seismic Space Frames. Horizontal forces at 
any floor or roof level are transmitted to the founda- 
tion (ground) by using the strength, rigidity, and 
ductility of a moment resisting space frame. A seis- 
mic space frame will be based on the assumption 
that the frame depends on its own bending stiffness 
for the lateral stability of the structure (fig 7-1). It 
is important to remember that deformations result- 
ing from the dynamic response of a major 
earthquake are much greater than those determined 
from the application of the prescribed forces. This 
means that a space frame that conforms to the mini- 
mum requirements of this manual will survive a 
major earthquake only if it can yield without essen- 
tial loss of lateral resistance or vertical load 
capacity. Since normal building materials have very 
limited energy-absorbing capacity in the elastic 
range of action, it follows that what is needed is a 
large energy capacity in the inelastic range. The 
term "ductility" is used to denote this property. 
Providing a ductile seismic frame may well prove to 
be the difference between sustaining tolerable and, 
in many cases, repairable damage, instead of cata- 
strophic failure. The energy dissipation, ductility, 
and structural response (deformation) of space 
frames depend upon the type of members, connec- 
tions (joints), and materials of construction used. 
The behavior of joints is a critical factor in the effi- 
ciency of building frames during high intensity cy- 
clic loading. A seismic space frame will be a moment 
resisting space frame or a ductile moment resisting 
space frame. 

6. Moment Resisting Space Frames. A moment 
space frame is a vertical load-carrying space frame 



in which the members and joints are capable of re- 
sisting design lateral forces by bending moment^. 
Although a moment resisting space frame need not 
comply with all the special requirements of a ductile 
moment resisting space frame, it will comply with 
the applicable requirements set forth in this chapter 
to qualify as a seismic space frame. 

c Ductile Moment Resisting Space Frames. To 
qualify for a K-factor of 0.67, the structural system 
for resisting lateral forces must be a ductile moment 
resisting space frame. A ductile moment resisting 
space frame will be required for any building of any 
height where a K-factor of less than 1 is used (some 
exceptions are permitted for dual systems as pro- 
vided for in table 3-7). A ductile moment resisting 
space frame will be based on the assumption that 
the frame depends on its own bending stiffness for 
the lateral stability of the structure. Beams (or gird- 
ers) shall be connected to columns by rigid joints 
which are capable of developing in the beams the full 
plastic capacity of the beams, under moment rever- 
sals. To take advantage of the energy absorbing 
capacity of the structural members, connections 
shall be designed to be at least as strong as the 
members connected. A ductile moment resisting 
space frame will be constructed of structural steel or 
reinforced concrete and will comply with the re- 
quirements of Concrete Frame Type A (para 7-3) or 
Steel Frame Type A (para 7-5). In Seismic Zone No. 
1, Concrete Frame Type B (para 7-4a) qualifies as a 
ductile moment-resisting space frame. 

d Classification of Moment Resisting Space 
Frames. Space frames are classified under several 
categories in chapter 3, paragraph 3-6a, for use in 
table 3-7. The design criteria for Types A, B, and C 
of both concrete and steel moment resisting space 
frames are covered in paragraphs 7-3 through 7-6. 
Concrete Frame Type D, which is not classified as a 
moment resisting seismic space frame (although 
such a frame will naturally have some moment re- 
sistant capacity), is a vertical load-carrying space 
frame designed in accordance with ACI 318-77. 

7-3. Concrete Ductile Moment Resisting 
Space Frame— Concrete Frame Type A. 

a General Design Criteria. The criteria used to de- 
sign ductile moment resisting space frames will be 
ACI 318-77 except appendix A, and as modified by 
SEAOC Section 2 (reprinted below) and by this 
manual. 

Digitized by V^OOQlC 



TM 5-809-10 

NAVFACP-355 

AFM08-3,Chop.13 



i 



SIQ6SWA r 




77717777777777777, 






777777777777777Z 



(41 61*09% RGLATIVGLY (A) SjgQ6/g ggC4_77VgCV 
STSPfi FLEXJ&L6 

D6FO&MAT/QNS SHOWN AZS 
FLGXU&AL AN& AXIAL) 
SUGARING OS FORMATION 
MAY «e SI6NIWC4NT 




rCQL,SH0RT6NJNG 
ft J. Si, MAY fce 
SIGNIFICANT 



777^77777777777777777777777^ 777777? 



7 



A/ora : 

V-4 BfiPGCT "- 



Ai 



M _ W 4&OIT/ON TO /z/ZAMC 

AXIAL LOAO, P, ANO faSNOING MOMGNT* M. 
TH&K6 IS &6NO/NG OUS TO SCCSNTRtCITY O* 
LOAO,e.Q. P a £x4, *N COL, 4.6 

CO MULTl-foAY fsftAM6 



Figur»7-1 FramtcUfonrutioHs 



» 



7-2 



Digitized by 



Google 



TM 

NAVFACP-SS5 
AFMM-3,Chap.1S 

(1) SEAOC Section 2, Concrete Ductile 
Moment Restating Space Frames:* (Modifications 
are in italic*) 

(A) General. 

Design and construction of cast-in-place, monolithic reinforced concrete 
framing members and their connections in ductile moment resisting space 
frames shall conform to the requirements of ACI Building Code, ACI 318, and 
all the requirements of SEAOC Section 2 as modified herein. 

EXCEPTION: Precast concrete frame members may be used, if the 
resulting construction complies with all the provisions of this Sec- 
tion. 

All lateral load resisting frame members shall be designed by the strength 
design method except that the alternate design method may be used provided 
that it is shown that the factor of safety is equivalent to that achieved with the 
strength design method. 

ACI 318, for earthquake loading shall be modified to: 

U«1.4(D+L)+1.4E (7-l>fr 

U-0.9D-hl.4E (7-2) 

Members of space frames which are designed to resist seismic forces shall 
be designed, in accordance with the provisions of this Section, so that shear 
failures will not occur if the frame is subjected to lateral displacements in ex- 
cess of yield displacements. 

(B) Definitions. 

CONFINED CONCRETE is concrete which is confined by closely spaced 
special transverse reinforcement restraining the concrete in directions perpen- 
dicular to the applied stresses. 

SPECIAL TRANSVERSE REINFORCEMENT is composed of spirals, 
stirrup-ties, or hoops and supplementary cross-ties provided to restrain the 
concrete to make it qualify as confined concrete. 

STIRRUP-TIES OR HOOPS are continuous reinforcing steel of not lees 
than a No. 3 bar bent to form a closed hoop which encloses the longitudinal re* 
inforcing and the ends of which have a standard 135 degree bend with a 10 bar 
diameter extension or equivalent. 

(C) Physical Requirements for Concrete and Reinforcing Steel. 

1. Concrete. The minimum specified 28-day strength of the concrete, 
f£, shall be 3000 pounds per square inch. 

The maximum specified strength for lightweight concrete shall be 
limited to 4000 psL 

2. Reinforcement. All longitudinal reinforcing steel in columns and 
beams shall comply with'ASTM A-615, grade 40 or 60. The actual yield 
stress, based on mill tests, shall not exceed the minimum specified yield stress, 
f y , by more than 18,000 psi. Retests shall not exceed this value by more than 
an additional 3000 psL In addition the ultimate tensile stress shall be not lees 
than 1.33 times the actual yield stress, based on mill tests.' Grades other than 
theee specified for design shall not be used. 
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Where reinforcing steel is to be welded a chemical analysis of the steel 
shall be provided.* Welding shall conform to "Structural Welding Code— Re- 
inferring Steel, "A WS Dl.4-79. 

(D) Flexural Members. 

1 . General. Flexural members shall not have a width-depth ratio of less 
than 0.3, nor shall the width be less than ten inches (10") nor more than the 
supporting column width plus a distance on each side of the column of three- 
f ourtha the depth of the flexural member. Flexural members framing into col- 
umns nhall be subject to a rational joint analysis, (figure 7-2} 

2. Reinforcement. All flexural members shall have a minimum rein- 
forcement ratio, for top and for bottom reinforcement, of 200/f Y throughout 
their length. The reinforcement ratio "p" shall not exceed 0.025. 

The positive moment capacity at the face of columns shall be not less 
than 50 percent of the negative moment capacity provided. A minimum of one- 
fourth of the larger amount of the negative reinforcement required at either 
end shall continue throughout the length of the beam. At least two bars shall 
be provided both top and bottom, (figure 7-3) 

3. Splices. Tensile steel shall not be spliced by lapping in a region of 
tension or reversing stress unless the region is confined by stirrup-ties. Splices 
shall not he located within the column or within a distance of twice the mem- 
ber depth from the face of the column. At least two stirrup-ties shall be pro- 
vided at all splices, (figure 7-4) 

4. Anchorage. Flexural members terminating at a column, in any ver- 
tical place, shall have top and bottom reinforcement extending, without hori- 
zontal offsets, to the far face of a confined concrete region, terminating in a 
standard 90 degree hook. Length of required anchorage shall be computed be- 
ginning at the near face of the column. Length of anchorage in confined re- 
gions shall be not less than 56 percent of the development length, but not less 
than twenty- four inches (24 ")• (figuns 7-3) 

EXCEPTION: Where the column resists less than 25 percent of the 
stary-bent shear, at least 50 percent of such top and bottom rein- 
forcement shall be anchored within such column cores and the re- 
mainder shall be anchored in regions outside the column core 
confined an specififxl herein for columns. 

5. Web Reinforcement. Vertical web reinforcement of not less than 
No. 3 tmrs shall be provided in accordance with the requirements of ACI 318, 
except that: 

a. Stirrups shall be spaced to resist the ultimate design shear V„ in 

y "* l '~t^— «-H L4Vd + l (7-3) 

where M£ and M£ are ultimate moment capacities of opposite sense (double 
curvature) *t each hinge location of the member and Vd+l i& the simple span 
ahear. Lab '* the distance between M£ and M*. Ultimate moment capacities 
shall he computed without the + factor reduction and assuming the maximum 
reinforcing yield strength based on 25 percent over specified yield. Ultimate 
shear capacities shall be computed with thef factor reduction. 

*fr'ormitl** lt*v* Untn rrinnibsrsd tuch that SEAOC Formula 2-1 la dsaJgaatsd aa Formula 
i- \ <o tb\a ta-vtiol. 

" .••• •» ' ).\;V >\ ICh < >>A<orma to {best provisions. 

*V;s«i .nvoi *<? V.w'a is not rtKjcired for A8TM A706. 
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b. StfarupsshaU be spaced at no more than d/2t^^ 
the member. 

c. Stirrup-ties, at a maximum spacing of not over d/4, 8 bar diameters, 
24 stirrup-tie diameters, or twelve inches (12*), whichever is least, shall be 
provided in the following locations: 

At each end of all flexural members, the first stirrup-tie shall be lo- 
cated not more than two inches (2*) from the face of the column and 
the last, a distance of at least twice the member depth from the face 
of the columns. 

Wherever ultimate moment capacities may be developed in the flex- 
ural members under inelastic lateral displacement of the frame. 

Wherever required compression reinforcement occurs in the flexural 
members. 

d. In regions where stirrup-ties are required, longitudinal bars shall 
have lateral support conforming to the provisions of ties for tied columns, 
Single or o verlapping stirrup-ties and supplementary cross-ties may be used. 

Section 2(E) 

(E) Columns $ub|oct to Direct Stress ond Bonding. 

1. Dlmonslonol Limitations. The ratio of minimum to maximum col- 
umn thickness shall not be less than 0.4 nor shall any dimension be lees than 
twelve inches (12*). (figur* 7-2) 

2. Vortical Rolnf orcomont. The reinforcement ration M p" in tied col- 
umns shall not be lees than 0.01 nor greater than 0.06. (figur* 7-3) 

3. Spllcos. Lap splices shall be made within the center half of column 
height, and the splice length shall not be lees than 30 bar diameters. Continu- 
ity may also be effected by welding or by approved mechanical devices pro- 
vided not more than alternate bars are welded or mechanically spliced at any 
level and the vertical distances between these welds or splices of adjacent bars 
is not lees than twenty-four inches (24*). (figur* 7-4) 

4. Spoclol Tronsvort o Rolnf orcomont. The cores of columns shall be 
confined by special transverse reinforcement as specified herein or as required 
to meet shear requirements, (figur* 7-6) 

a. The volumetric ratio of spiral reinforcement shall not be lees than 
that required in ACI-318 nor 

p"«0.12 *j_ , (7-4) 

whichever is greater. ^ h 

b. The total cross-sectional area (A*^) of rectangular hoop reinforce- 
ment shall not be leee than 

AV-0.30ah" -£- (-T?-- 1 / (7-6) 



*» 



nor 



A" fh a5 0.12ah' -JjL- f (7-6) 

whichever is greater, where 

a ■ center to center spacing of hoops in inchee with a maximum of 

four inches (4 "). 
Ac ■ area of column core. 
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A g = gross area of column. 

A " § h = total cross-sectional area in square inches of hoop reinforcement 
including supplementary crosstiee having a spacing of (a) inches 
and crossing a section having a core dimension of h \ 

h" = core dimension of tied column in inches. 

i"yh = yield strength of hoop or spiral reinforcement. 

Single or overlapping hoops may be provided to meet this require- 
ment. Supplementary crossties of the same size and spacing as hoops using 
136 degree minimum hooks engaging the periphery hoop and secured to a lon- 
gitudinal bar may be used. Supplementary crossties or legs of overlapping 
hoops shall not be spaced more than fourteen inches (14*) on center trans- 
versely. 

EXCEPTION: Formula (7-5) need not be complied with if the column 
design is based on the column core only . 

c. Special transverse reinforcement shall be provided in that portion of 
the column over a length equal to the maximum column dimension or one-sixth 
of the clear height of the column, but not less than eighteen inches (18*) from 
either face of the joint. 

d. At any section where the ultimate capacity of the column is less than 
the sum of the shears (ZV U ) computed by Formula (7-3) for all the beams fram- 
ing into the column above the level under consideration, special transverse 
reinforcement shall be provided. For beams framing into opposite sides of the 
column, the moment components of Formula (7-3) may be assumed to be of 
opposite sign. For the purpose of this determination, the factor of 1.4 in For- 
mula (7-3) may be changed to 1.1. For determination of the ultimate capacity 
of the column, the moments resulting from Formula (7-3) may be assumed to 
result from deformation of the frame in any one principal axis. 

e. Columns which support discontinuous members, such as shear walls* 
braced frames, or other rigid elements shall have special transverse reinforce- 
ment for the full height of the supporting columns. 

5, Column Shear. The transverse reinforcement in columns subjected 
to bending and axial compression shall satisfy the formula 

Avfy^-^-Vc (7-7) 

where V u shall be computed by using the ultimate moment capacity in the 
ends of either the beams or columns framing into the connection. Ultimate 
moment capacities shall be computed without + or other reduction factors and 
under all possible vertical loading conditions and assuming the maximum re- 
inforcing yield strength based on 25 percent over specified yield. 

V c -v c Ac, where v c shall be in accordance with ACI 318, except that V c shall 

p 

be considered zero where -r^ < 0.12 £. 

A g 

s ■■ sparing. < 1 1° minimum mliimn dimmaion. 

dc ■■ dimension of column core in direction of load. 

A v « total cross sectional area of special transverse reinforcement in 

tension within a distance, s, except that two-thirds of such area 

shall be used in the case of circular spirals. 
Ac a Area of column core. 

(F) Beam-Column Connection. 

1. Analysis. The transverse reinforcement through the connection shall 
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be proportioned according to the requirements of paragraph 7-3a(lXEK The 
transverse reinforcement thus selected shall be checked according to the pro- 
visions set forth in paragraph 7-3a(lXE)6, with the exception that V tt , acting 
on the connection shall be equal to the maximum shears in the connection 
computed by rational analysis taking into account the column shear and the 
concentrated shears developed from the forces in the beam reinforcement at a 
stress assumed at f y . 

Within the depth of the shallowest framing member* special transverse 
column reinforcement of one-half the amount in the preceding paragraph shall 
be required where members frame into all four sides of a column and whose 
width is at least three-fourths the column width* When a comer of a tied col* 
umn, unconfined by flexural members, exceeds four inches (4 "), the full special 
transverse reinforcement shall be provided through the connection and around 
bars outside of the connection. 

Special transverse beam reinforcing shall be provided through the beam- 
column connection to provide confinement for longitudinal reinforcement out- 
side the column core where such confinement is not provided by another beam 
framingintothaooimaetioii. 

2. Design Limitations. At any beam-column connection where -r^> 

0.12f e ' v the total ultimate moment capacity of the column, at the design earth- 
quake axial load, shall be greater than tha total ultimate moment capacity of 
the beams, along the principal planes at that connection. 

EXCEPTION: Whore certain beam-column connections at any level 
do not comply with the above limitations, the remaining columns 
and connected flexural members shall comply and further shall be 
capable of resisting the entire shear at that level accounting for the 
altered relative rigidities and torsion resulting from the omission of 
elastic action of the non-conforming beam-column connections. 

(G) Inspection. 

For buildings designed under this Section, a specially qualified inspector 
shall provide continuous inspection of the placement of the reinforcement and 
concrete and report to thp registered professional engineer responsible for the 
structural design. The inspector shall submit to the appropriate authority a 
certificate indicating compliance with the plans and specifications. 



(2) Summary of Major SEAOC Modifications 
to ACI 318-77: 

(a) Limitations of precast concrete members 
<para7-3o(lKA». 

(b) Modification to design load factors (para 
(A), formula 7-1). 

M Limitations on grades of reinforcing steel 
(para7-3oUKC)2). 

(d) Limitations are placed on dimensions and 
maximum percentage of reinforcing that can be 
used (para 7-8o(lMD)l,2). 

M Special requirements for splices, anchor- 
ages, beam stirrups, column ties and hoops, and 
joint reinforcement (para 7-8oUMD)3, 4, (E). (F)). 

(0 Special requirements to provide the forma- 
tion of inelastic hinges in beams rather than in col- 

i(para7-3c(lKE)4d). 



(g) The provisions of paragraph 7-8o(l) are 
illustrated in figures 7-2 through 7-9. 
(3) Special modifications 

(a) P re etreea e d, post*tenyionod t and flat-slab 
systems are not to be used as part of the lateral 
force resisting space frame (see para 7-8b for 
general discussion). 

(b) Column tiee will be at least No. 4 bars for 
vertical bars No. 11 or larger and for bundled bars 
and at least No. 3 bars for vertical bars less than No. 
11. 

6. General Discussion. Ductility of reinforced 
concrete frames is accomplished by: (1) using the 
method of design outlined in ACI 818-77 with a 
modified load factor, (2) limiting the percentage of 
steel reinforcement so that the steel will yield before 
the concrete fails in compression, (3) confinement of 
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the concrete with special transverse reinforcement 
so as to prevent failure of joints under moment re- 
versals (refer to ACI-352),' (4) proportioning mem- 
bers so that any yielding will be confined to the 
flexural members (girders) rather than to the col- 
umns, and (6) avoidance of shear failure. The 
standard acceptable method of construction for the 
framing members and their connection is cast-in- 
place monolithic reinforced concrete. It is some- 
times feasible to precast beam-column elements and 
join them at points of minimum moment with a cast- 
in-place splice, so an exception is permitted (para 
7-3a(lMA)). However, the use of prestreesing to 
develop ductile moment capacity is a subject for 
further study and is not presently permitted The 
use of flat slabs to develop ductile moment capacity 
is also doubtful, thus does not qualify without spe- 
cial design provisions to provide an equivalent duc- 
tile frame within the depth of the slab. Other mem- 
bers within the building, not part of the concrete 
ductile moment resisting space frame, may be pre- 
cast, prestressed, composite, or any other appropri- 
ate system if adequate diaphragms and connections 
are developed so the building will respond to seismic 
input as a unit. Theee members shall comply with 
the design requirements of the ACI Building Code, 
ACI318. 

7-4. Concrete Moment Resisting Space 
Frames— Concrete Frame Types B and C 

a Concrete Frame Type B. The criteria used to 
design Type B concrete moment resisting space 
frames will be ACI 318-77 except appendix A, and 
as modified below and illustrated in figure 7-10 
through figure 7-15. Refer to chapter 3, paragraph 
3-6 and table 3-7, for the limitations on the use of 
this type of concrete space frame. 

(1) The provisions of paragraphs 7-3a(lMA), 
(B), and (D) 1 will apply (see fig 7-2). 

(2) Prestressed, post-tensioned, and flat slab 
systems are not to be used as part of the lateral 
force resisting space frame (see para 7-36A 

(8) The specified yield strength of reinforcing 
steel will not exceed 60,000 p.si. 

(4) Members of the moment resisting space 
frame will be designed for the shear that results 
from the formation of inelastic joint rotations, in the 
same direction, at each end of the member (see fig 
7-14). 



•CsmIUm 362, "lUeomflMPdtio— for D#df« of 
Cotttoo Jooito l» Monolithic Rolaforcod CoicroU 8tr»ct«ros," 
ACI Jooraal, Pteeeedim§9 V. 73, No. 28, July 1976. Thlo rof oronco 
ptoridoi a aUto*Mho*rt muuaojry of cwroat kf on 
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(6) All frame flexural members will have a mini- 
mum reinforcement ratio, p, for top and bottom 
reinforcement of 200/f T throughout their length ex- 
cept where a greater minimum is required by ACI 
3 1 8. At least two bars will be provided, both top and 
bottom, throughout their length. 

(6) At locations where the ultimate capacity of 
a member will be developed under inelastic lateral 
displacement of the frame, the maximum p will not 
exceed 0.025. 

(7) The positive moment capacity of flexural 
members at columns will be at least 40 percent of 
the negative moment capacity. 

(8) Splices in required reinforcing of flexural 
members framing into columns will not be located 
within the column nor within a distance of twice the 
member depth from the face of the column. At least 
two cloeed stirrup tiee will be provided at all spikes. 

(9) Flexural member framing into a column 
where there is no flexural member on the opposite 
side will have top and bottom reinforcement extend- 
ing to the far face of the confined region and 
terminated with a standard hook. 

(10) The length of anchorage in confined re* 
gkrns may be 0.66 Id* In other regions, anchorage 
length will be Id. In no case will the anchorage 
length be less than 24 inches dd is development 
length per ACI). 

(11) Stirrup ties of not less than No. 8 bars will 
be provided at a spacing of not over d/4 nor 12 'for a 
distance of at least the member depth at the and of 
each flexural member and wherever ultimate capad- 
tiee may be reached under lateral displacement of 
the frame. The first stirrup tie will be placed 2 " from 
the face of the column. 

(12) Standard stirrups will be provided at a 
maximum spacing of 3/4d throughout the length of 
the flexible member, or minimum required by ACI 
318, whichever governs. 

(13) The reinforcement ratio, p, in tied columns 
will not be lees than 0.01 nor greater than 0.06. 

(14) Lap splices shall be made within the center 
half of column height, and the splice length shall not 
be less than 30 bar diameters. Continuity may also 
be effected by welding or by approved mech a ni ca l 
devices provided not more than alternate bars are 
welded or mechanically spliced at any level and the 
vertical distance between theee welds or splices of 
adjacent bars is not lees than twenty-four indies 
(24"). 

(15) Special transverse reinforcement for col- 
umns will be continuous reinforcement enclosing the 
longitudinal reinforcement and ending with a 186 
degree bend with a 10 bar diameter extension. Sup- 
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Figure 7-2. Concrete Frame Type A - Limitations on Dimensions 
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Analysis) 
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It is a recommendation of 
ACI Committee 352, ACI Journal, July 1976. 
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COLUMN: 



L • l d for Top Member (without column above) 

NOTE: For 1^, development length of deformed bars 
in tension, see ACI 318-77, Sect. 12.2. 



f f c - 3,000 p.s.i. st 28 days Mia. 

fy • 40 ksi (ASTM A615) or 60 ksi (ASTM A615 or ASTM A706) 

Reinforcement ratio, p (for tied columns) 
* 0.01 and * 0.06. Reference: 

paragraph 7-3 

Figure 7-3. Concrete Frzr.e J\^e A - Longitudinal Eeinforcer.ent 
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splices s 24" • 
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Reference : 
paragraph 7-3 



Figure 7-4. Concrete Frame Type A - Splices in Beinforoement 
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Provide hoops or spirals in columns 
where special transverse reinforce- 
ment is required. See paragraph 
7-3a(l)(E)4. 

Reference: paragraph 7-3 



Figure 7-5. Concrete Frame Type A - Transverse Reinforcement 
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DESIGN : Vertical vtb reinforcement In accor- 
dance with Chapter 11 of ACI 318, and the mini- 
mus requirement! In paragraph 7-3a(l)(D) as 
indicated herein. 

NOTE ; m£ & m£ ■ Ultimate moment capacity 
of opposite sense, at each end of the 
member, computed without the factor rar 
ductlon and assuming the maximum rein- 
forcing yield 
strength based on 
r o+L 25% over specified 
yield. 
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Figure 7-6. Concrete Frame Type A - Girder Web Reinforcement 
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NOTE: M^ and MjJ - smaller ultimate 

moment capacity of beam or column at 
top and bottom of column computed with- 
out factor reduction and assuming the 
maximum reinforcing yield strength 
based on 25% over specified yield. 

Obtain spacing from the following 
formula:* 

^ Ayfy 

v c - 2^7 • Use v c - 
V u if P/A. 

S Max. ■ 1/2 Mln. Col. dimension. 
Use 2/3 Ay for spirals. 
A c « area of column core. 
d c - depth of column core. 



» < 0.12 f' 
g c 



*Based upon Formula 7-7, paragraph 
7-3a(l)(E)5. See also 7-3a(l)(F)2. 



Reference : 
paragraph 7-3 



Figure 7-7. Concrete Frame Type A - Column Transverse Reinforcement 
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paragraph 7-3 



-figure 7-8. Concrete Frame Type A - Special Transverse Reinforcement 
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Only 1/2 tht special transverse reinforcement 
It required for columns where girders frame 
into all four sides. 

MOTE: Column Confining Reinforcement Is a minimum and 
may govern. See Figure 7-5. 
The amount of reinforcement at the 
intersections frequently results 1a Reference: 

paragraph 7-3 



congestion of bars. A careful study 
of the bar layouts should be made 
during' design. 



Figure 7-P. Concrete From* Typ* A - Girdtr-Column Joint Analy$U 
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plementary cross ties, if needed, will have standard 
hooks at the ends. Single leg cross ties may be lap 
spliced if a minimum of 20 diameter lap is provided. 
Refer to figure 7-13. 

(16) At the ends of columns, special transverse 
reinforcement will be provided over a length equal 
to the mnylmnm column dimension or one-sixth the 
clear height of the column, but not less than 18* 
from either face of the joint. This transverse rein- 
forcement will' be spaced at not over 4* on center 
and have a total cross-sectional area of not less than 



A\h=0.08ah" 






(see para 7-3a(l)(E)4 for 
definition of terms) 



(17) A minimum special transverse reinforce- 
ment of No. 4 at a maximum spacing of 4* on center, 
or equivalent, will be provided throughout the 
beam-column joint. The requirement for cross ties 
(fig 7-13) may be omitted within the joint if the lon- 
gitudinal column bars are confined by adjoining 
beams. 

6. Concrete Frame Type C. The criteria used to 
design Type C concrete moment resisting space 
frames will be ACI 318-77 except appendix A, and 
as modified below. This type of space frame is lim- 
ited in use to Seismic Zone 1, for K not less than 1.0, 
and for buildings not taller than 80 feet, when de- 
signed to resist earthquake forces (see chap 3, para 
3-6 and table 3-7). 

(1) For earthquake loading ACI 318 load fac- 
tors will be modified to formulas 7-1 and 7-2 in 
paragraph 7-3a(l)(A), and the dimensional limits of 
paragraph 7-3a(l)(D)l will apply (see fig 7-2). 

(2) Flexural members are required to have web 
reinforcement throughout the length of the member. 
It will be designed in accordance with ACI-318 ex- 
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cept that such web reinforcement shall not be less 
than 0.0015 times the product of the width of the 
web and the spacing of the web reinforcement along 
the longitudinal axis of the member. The first stir- 
rup will be located at 2 inches from the column face. 
The next six stirrups will be placed not over d/4. 

(3) Positive moment reinforcement at the sup- 
ports of flexural members subject to reversal of 
moments will be anchored by bond, hooks, or me- 
chanical anchors in or through the supporting 
member to develop the yield strength of the bar. The 
positive moment capacity of flexural members at 
columns will be at least 30 percent of the negative 
capacity. 

(4) Lapped splices in flexural members, located 
in a region of tension or reversing stress, will be con- 
fined by at least two stirrups at each splice. 

(5) The spacing of ties at the ends of tied col- 
umns will not exceea 4 inches for a distance equal to 
the maximum column dimension but not less than 
one-sixth of the clear height of the column from the 
face of the joint. The first such tie will be located 2 
inches from the face of the joint. Joints of exterior 
and corner columns will be confined by lateral rein- 
forcement through the joint. Such lateral reinforce- 
ment will consist of spirals or ties as required at the 
ends of columns. 

7-5. St##l ductlU moment resisting space 
frames — Steel Frame Type A. 

a. General Design Criteria. The criteria used to 
design steel ductile moment resisting space frames 
will be the latest edition of A1SC Specification as 
modified by SE AOC Section 4 (reprinted below). 

(1) SEAOC Section 4, Steel Ductile Moment- 
Resisting Space Frames:* 



(A) General. 

Design and construction of steel framing in ductile moment resisting 
space frames shall conform to the latest edition of the American Institute of 
Steel Construction "Specifications for the Design, Fabrication and Erection of 
Structural Steel for Buildings" and the American Welding Society's "Struc- 
tural Welding Code" AWS Dl.l latest edition and to all the requirements of 
this Section. 

(B) Definitions. 

CONNECTION consists of only those elements that connect the member 
to the joint. 

JOINT is the entire assemblage at the intersections of the members. 



•FVaai tha pabttcatioa "RacamaiaBdad Lateral Fore* Raqaira- 
auata and Coaunaatary" by tha Sataaology Coararittaa, 8trac- 
toral Eagiaaara Aaaodattaa of Califorala. Copyright 197ft, 
8tractaral Eagiaaara Aaaodatloa of Califorala, aad raprodacad 
wlta 
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paragraph 7-4 



Figure 7-10. Concrete Frame Type B - Frame Requirements 
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Mln. bottom reinforcing: 
• f continuous bara 
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ELEVATION OF GIRDER AND COLUMN 



f* e • 3*000 p.s.i. min. at 28 days 

fy - 40 ksl (AS1H A615) or 60 ksi (ASTM A61S or A706). 
Reinforcement ratio p ■ A /bd or p* • A'/bd: p - 0.025 max. 
▼1 is not a code requirement. It is a recommendation of AC I 
Committee 352, ACI Journal, July 1976. 

I (Anchorage) - 0.56 l d * OR Mln. 24" *MOTE: For 1* development length 
- v~ • ' ■ — £ j 4 f ormft j bare In teo- 

L - 1j for Top Member (without column above) § i n, sea ACI 318-77, 

d Sect. 12.2. 

COLUMN; 



£« c . 3,000 p.s.l. at 28 days Min. 

fy » 40 ksl (ASTM AMS) or 60 ksl (ASTM A615 or ASTM A706) 

Reinforcement ratio, p (for tied columns) 
m 0.01 and * 0.06. 



Reference : 
paragraph 7-4 
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COLUMN ; 
l d it the tension development length. See ACI 318-77, Sect. 12.2. 

At any level, not more than alternate bare 
will be welded or mechanical spliced. Min. 
distance between two adjacent bar splices • 24 M . 

For #14S & #18S bars, welded splices are 
recommended. Lap splices will not be used. 

Reference : 
paragraph 7-4 

Figure 7-12. Concrete Frame Type B - Splicee in Reinforcement 
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paragraph 7-4 



Figure 7-13. Concrete Frcme Type B -_ Tranaverae Reinforcement 
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Figure 7-14. Concrete Frame Type B - Girder Web Reinforcement 
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NOTE: Mj, and mJ| - smaller ultimate 
moment capacity of bean or column at 
top and bottom off column computed with- 
out factor reduction and assuming the 
maximum reinforcing yield strength 
based on 25% over specified yield. 
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in which V u Is determined using Inelastic 
joint rotation In the same direction at 
top and bottom off colt 



Procedure Is similar to that for Type A 
frames. See Figure 7-7. 
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Figure 7-16, Concrete From Type B - Column Traneveree Reinforcement 
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(C) Materials. 

Structural steal shall conform to one of the following A8TM Specifica- 
tions, latest edition: A96> A441, A500 (Grades B and Q A601, A572 (Grades 
42, 46> SO and 66h or A688. Exceptions: Structural Steel ASTM A388 Grade D 
may be used for baseplates and anchor bolts. 

(D) Connoctlons. 

Each beam or girder moment connection to a column shall be capable of 
developing in the beam the full plastic capacity of the beam or girder. 

EXCEPTION: The connection need not develop the full plastic capa- 
city of the beam or girder if it can be shown that adequately ductile 
joint displacement capacity is provided with a lesser connection. 

For steel whose specified ultimate strength is less than 1.5 of the specified 
yield strength, plastic hinges in beams formed during inelastic deformations of 
the frame shall not occur at locations in which the beam flange area has been 
reduced such as by holes for bolts. 

(E) Local Buckling. 

Members in which hinges will form during inelastic displacement of the 
frames shall comply with the requirements for "plastic design sections." 

(F) Non-Dostructlvo Wold Testing. 

Tension groove welded connections between primary members of the duc- 
tile moment resisting space frame shall be tested by non-destructive methods 
for complianc e with AWS Dl.l and job specifications. A program for this 
testing shall be established by the engineer. 



6. General Discussion. 

(1) The beams (or girders) will be connected to 
columns by rigid joints which are capable of devel- 
oping in the beams the full plastic capacity of the 
members framing into the joint, under moment re- 
versals. Members in which hinges will form during 
inelastic displacement of the frames shall comply 
with the requirements of the AISC plastic design 
method. 

(2) Additional discussion is i nc luded in the 
SE AOC Commentary on Section 4. 

(8) For typical details refer to figure 7-16. 

7-6. Steal momont roslstlng spoco f ramos— 
Steal Fromo Typos B ond C. a General Design 
Criteria. The criteria used in the design of steel 
mommt resisting space frames will be the latest edi- 
tion of the specifications of the American Instituts 
of Steel Construction, AISC. 

6. Limitations as Seismic Space Frames. Steel 
moment resisting space frames, not satisfying the 
requirements of steel ductile moment resisting 
space frames (Steel Frame Type A, para 7-5), are 
limited in their use as seismic space frames by the 
provisions of chapter 3, paragraph 3-6 and table 
3-7. The seismic coeffi c ient K will not be less than 
1.0. 

7-14 



c Steel Frame Type B. This type of frame may be 
used to reeist seismic lateral forces for buildings up 
to 160 feet in height in Seismic Zones land 2 and up 
to 80 feet in Seismic Zonee 3 and 4. To qualify as a 
Steel Frame Type B, a mommt resisting space 
frame (para 7-26) will conform to the requirements 
of paragraph a, above, and the following: Each beam 
or girder moment connection to a column will be de- 
signed for forcss resulting from the gravity loads 
combined with twice the design seismic motnsnt if 
the connection is not designed for the full beam or 
girder moment capacity . 

d Steel Frame Type C To qualify as a Steel 
Frame Type C, a moment resisting space frame 
(para 7-26) will conform to the requirements of para- 
graph o above. It is permitted as a seismic space 
frame in Seismic Zone If or buildings up to 80 feet in 
height. 

7-7. Wood f ramos. Wood frames will be de- 
signed using normal procedures illustrated in many 
easily obtainable texts and are not covered in tide 
manual. "National Deeign Specification for Wood 
Construction" (1977 Edition and supplement), 
NFPA,appliee. 
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Figure 7-16. Ductile Steel Frame Type A 
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CHAPTERS 
REINFORCED MASONRY 



8-1. Purpote and scop*. This chapter pre- 
scribes the criteria for design of masonry construc- 
tion for buildings in seismic areas. 

8-2. Genera). Unit-masonry shall be reinforced 
with deformed bars for axial, flexural, shear, and di- 
agonal tension stresses as determined by design cal- 
culations. In addition, there are several prescribed 
arbitrary limitations on dimensions and reinforce- 
ment requirements; for example: (1) the minimum 
thickness of a wall (or partition) is governed by the 
type (structural role) or wall and the height between 
supporting diaphragms, and (2) the maximum 
spacing and minimum area of reinforcing bars de- 
pend upon the type of wall and the seismic zone. 
Additional reinforcing bars are prescribed for use 
around openings, at corners, anchored intersections, 
in wall piers, and at end of wall-panels such as at 
control joints. The minimum reinforcement pre- 
scribed in the manual is to provide empirical require- 
ments relative to damage control (ductility and 
boundary conditions) . No attempt is made to go into 
great detail regarding seismic load assumptions and 
stress distribution. These are covered elsewhere in 
the manual. 

t-3. Definitions. Unless otherwise expressly 
stated, the fallowing terms shall, for the purpose of 
this chapter, have the meaning indicated herein. 
Where terms are not defined they shall have their 
ordinarily accepted meanings, or such as the context 
may imply. 

a Reinforced Masonry. Masonry units, reinforce- 
ment, grout, and mortar combined in such a manner 
that the component materials act together in resist- 
ing forces, and with at least the minimum reinforce- 
ment as prescribed by this chapter: 

(1) Grouted masonry. Multi-wythe masonry 
construction in which the space between wythes is 
solidly filled with grout 

(2) Hollow masonry. Single-wythe masonry 
construction composed of hollo w units in which cells 
and voids containing reinforcing bars or embedded 
items are filled with grout as the work progr e s se s. 

(8) Filled cell masonry. Single-wythe masonry 
construction composed of hollow-units in which all 
voids are filled with grout after the wall is laid. 

6. Reinforcement Deformed reinforcing bars or 
joint reinforcement embedded or incased in unit- 
masonry in such a manner that it works with the 



masonry in resisting forces. Joint reinforcement is 
an assemblage of steel reinforcing wires designed 
for use in masonry bed joints, serving to distribute 
stresses and to tie separate wythes together. 

c Masonry Wall A vertical, plate-like element 
(whose horizontal dimension exceeds five times its 
thickness) constructed of stone, brick, concrete ma- 
sonry units, glazed structural units, or other suit- 
able masonry materials: 

(1) Load bearing wall Any wall which in addi- 
tion to supporting its own weight supports other 
loads (floors, roofs, walls, etc.). 

(2) Non-load bearing wall Any wall which doee 
not intentionally support the building above it. 

(3) Shear wall Any wall which resists a horizon- 
tal force applied in the plane of the wall (i.e., any 
wall unless isolated along 3 edges). 

(4) Structural wall Any wall which serves in 
providing resistance to loads or forces other than 
those induced by the weight of the wall itself. 

(5) Exterior wall Any outer wall serving as a 
vertical enclosure of a building. 

(6) Partition. Any interior wall (or vice versa). 

(7) Filler wall A non-bearing wall in skeleton 
frame construction, built between steel or concrete 
vertical load-carrying space frame and wholly sup- 
ported at each story. 

(8) Composite wall A two-wythe wall in which 
the wythes are of different material. The wythes are 
so bonded as to exert a common reaction under load. 
GSU faced masonry and Brick/CMU grouted ma- 
sonry are composite walls. 

(9) Cavity wall A wall built of masonry units so 
arranged as to provide a continuous air space within 
the wall (with or without insulating material) and in 
which both the inner and outer wythes of the wall 
are reinforced so as to separately resist seismic 
forces in proportion to their rigidities. 

(10) Veneered watt. A masonry faced wall in 
which the veneer is attached to the back-up wall It 
will not be considered as part of the wall in comput- 
ing strength nor considered a part of the required 
thickness of wall 

d Structural Members 

(1) Pilaster. An integral portion of a wall which 
projects from either or both wall faces which may 
serve as either a vertical beam or column or both. 

(2) Column. A compression member, vertical or 
nearly vertical, the width of which does not exceed 
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three times its thickness and the height of which ex* 
ceeds four times its least lateral dimension. Any 
portion of a bearing wall not bonded at the sides into 
associated masonry shall be considered a column 
when its horizontal dimension does not exceed three 
times its thickness. The least nominal dimension of 
every masonry column or wall pilaster shall be not 
less than 12 inches. No masonry column will have an 
unsupported length greater than eighteen times its 
least nominal dimensioii. Refer to paragraph 8-14. 

(3) Wall-paneL A wall segment in one plane 
which lies between: (1) wall ends, (2) control joints, 
or (3) a control joint and wall end. Each wall-panel is 
considered to be a separate vertical structural ele- 
ment. 

(4) Pier. An upright part of a wall between (or 
adjacent to) openings, the width of which does not 
exceed five times its thickness. Design as column if 
width is less than three times the thickness; *W*g " 
as a wall if width exceeds five times the thickness. 
See paragraph 8-15, table 8-7, and figure 8-6. 

(5) LinteL A beam located over any opening in a 
wall to carry weight of the construction and super- 
imposed loads above the opening. 

(6) Bond beam. A horizontal reinforced ma- 
sonry beam, serving as an integral part of the wall 
Its principle purpose is to provide structural integ- 
rity and in turn crack-control It may also serve as a 
chord (flange) member of a horizontal diaphragm 
provided reinforcement steel is made continuous for 
full length of the diaphragm. 

(7) Lateral support Members such as cross 
walls, columns, pilasters, buttresses, floors, roofs, or 
spandrel beams which have sufficient strength and 
stability to resist the horizontal forces transmitted 
to them may be considered as lateral supports. 

e. Terminology 

(1) Control joint A continuous vertical joint in 
a wall designed to accommodate movements result- 
ing from temperature and moisture changes. 

(2) Wythe. Each continuous vertical section of a 
wall, one masonry unit in thickness. 

(3) Collar joint The continuous vertical, longi- 
tudinal joint between two wythes of masonry. 

(4) Orout A mixture of portland cement, aggre- 
gates, and water which is proportioned to produce 
pouring or pumping consistency without segrega- 
tion of the constituents, serving to fill cells, voids, or 
collar joints in masonry walls so as to encase rein- 
forcing and bond units together for composite 
action. 

(6) Mortar. A plastic mixture of portland 
cement and lime (or masonry cement), fine aggre- 
gate, and water used to bond masonry. 
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(6) Low-lift grouting method contemplates that 
grout will be poured in small increments not ( 
ing 4 feet as the masonry work progresses. 

(7) High-lift grouting method 
that grout will be pumped into all wall voids after 
the masonry units, reinforcing steel, and em b edded 
items are built to full story bright. High-lift grout is 
placed in one continuous pour by lifts which allow 
time for consoli d a t ion and loss of water, but placed 
at such a rate as not to form intermediate construe* 
tion joints or blowouts. 

f. Letter symbols are defined or illustrated where 
first used and arranged alphabetically in figure 8-1. 

8-4. Basis off dnslgn. Previous chapters of this 
manual establish the basis for determining seismic 
f orcee. This chapter preecribee the criteria for the 
structural design of unit-masonry construction. Ex- 
terior walls, partitions, and all masonry slsmsnts 
will be reinforced with steel Layout and details of 
construction shall be compatible with the applica- 
tion of the rules for modular measure. Masonry shall 
conform to one of the following basic typee:(l) rein- 
forced grouted masonry, (2) reinforced hollow 
masonry, or (8) reinforced filled-cell masonry. For 
any specific facility , the adoption of the type of con- 
struction, use of basse and wainscots, and selection 
of materials, including contractor's options, will be 
governed by manuals and guide specifications of ap- 
plicable agency. For Zone 1 structures, the excep- 
tion for wall reinforcement under paragraph 8-18, 
table 8-5, applies, Where the exce ption applies, 
masonry construction shall c onfo rm to TM 
6-809-3/AFM-88-8, chapter 3 and NAVFAC 
DM2.6. 

8-5. Poslgn crtt+rtq. The design assumptions for 
reinforced unit-masonry, as regards the theory of 
stress distribution and analysis, will be based on the 
principles governing the design of reinforced con- 
crete, except ;s modified hereinafter. Rein fo rced 
masonry will not be used in rigid frames. Where 
only intermittent cells are filled with grout, the ef- 
fective area for structural sections will be g ov erned 
by table 8-1 and figuree 8-2 and 8-3. Several 
arbitrary limitations on dimensions and reinforcing 
are prescribed The masonry construction must not 
only meet these arbitrary prescribed limits and re- 
quirements, but must also be structurally safe for 
the loads and forces that will be applied. 

8-6. Working stress**. All reinforced masonry 
will be so designed and detailed that the unit 
stresses do not exceed those required by tables 8-2 
and 8-3. The shear and diagonal tension strsssss re- 
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gross area of masonry section. 

modulus of elasticity of masonry. 

computed axial unit stress, determined from total axial load 
and effective area. 

axial unit stress permitted by paragraph 8-6 at the point 
under consideration, If memoer were carrying axial load only, 
Including any Increase In stress allowed. 

computed flexural unit stress. 

flexural unit stress permitted by paragraph 8-6, 1f member 
were carrying bending only, Including any Increase 1n stress 
allowed. 

ultimate compressive stress as specified In Table 8-2. 

nominal working stress In vertical column reinforcement. 

clear height in Inches (paragraph 8-6, Formulas 8-1 and 8-2). 

clear height In feet. 

maximum concentric column axial load. 

ratio of the effective cross-sectional area of reinforcement 
to the applicable gross area of masonry section. 

least thickness of column In Inches (paragraph 8-6, Formula 
8-2). 

nominal thickness of wall In Inches (paragraph 8-6, Formula 
8-1). 

deflection In Inches. 



Figure 8-1, Symbols and Nomenclature - Reinforced Masonry 
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Table 8-la. Aeevmed Dimeneiona (Inohee) for Effective Area 

of Concrete .Block (Figures 8-2 and 8-3) 



i 



Nominal 
Width 


Design 
Width 


Shell 
Width 

*t 


Web 
Width 


dl 


<*2 


d* 


X 


6 

8 

10 

12 


5-5/8 

7-5/8 

9-5/8 

11-5/8 


1 

1-1/4 
1-3/8 
1-1/2 


1 
1 

1-1/8 
1-1/8 


2.81 
3.81 
4.81 
5.81 


5.31 
7.06 
8.81 


3 

4-1/2 

6 


7-1/2 
7-1/2 
7-1/2 
7-1/2 



Table 8-lb. Equivalent Thiakneee of Hollow Masonry 
for Computing Shear Parallel to Face (Figure 8-3 (a)) 



t 



Nominal 
Width 


Spacing of Reinforcement (Inches) 


8 


16 


24 


32 


40 


48 


6 

8 

12 


5.62 

7.62 

11.62 


3.92 
5.20 
7.58 


3.36 
4.42 
6.23 


2.96 
3.86 
5.29 


2.81 
3.65 
4.94 


2.64 
3.40 
4.53 
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EFFECTIVE AREA OF HOLLOW MASONRY (CMU): The working stresses to be used In 
the design of reinforced concrete block apply to the net section of the 
walls effective for resisting stress. In hollow masonry construction, the 
effective net section will vary and generally will be dependent upon the 
thickness of the face shells and cross-webs, the size of concrete-studs, 
and on the type of mortar bedding employed In the construction. Since con- 
tractors have the option to use standard (with plain or concave ends) or 
open-end two-hole concrete-masonry-units, and since exact configuration may 
vary between manufacturers, the precise net section will be unknown at the 
time of design. As a general rule, the dimensions for concrete block units 
may be assumed as shown In Table 8-1, and these values used 1n design cal- 
culations, except that the effective area shall be adjusted to reflect loss 
of area resulting from the use of. If any, reglets, flashing, s Up- joints, 
and raked mortar joints. 



^ 




*#- 



Double-Bar 
Stud 



Single-Bar 
Stud 



Refer to Figure 8-3 for assumed effective area. 



Figure 8-2. Aeemed Dimeneione for Concrete Block 
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Figure 8-3. Assumed Effective Area for Hollow Masonry 
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suiting from the prescribed earthquake forces shall 
be increased by 50 percent (see chap 3, para 
3-3(J)lh). In walls or other structural members com- 
posed of different kinds or grades of units, 
materials, or mortars, the maximum stress will not 
erceed the allowable stress for t^he weakest of the 
combinations of units, materials, and mortars of 
which the member is composed. 

Table 8-3. Allowable Stresses for Reinforcing Bars 



Type of Strew 


P8I 


Tensile 

Compression, Columns 
Bond— Plain Bars 
Bond— Deformed Bars 


20.000 1 
16,000* 
60 
140 



l For deformed bars with a yield strength of 60,000 psi or more 
and in sizes No. 11 and smaller, use 24,000 psi. 
*Or 40 percent of yield strength, but not to «*ceed 24,000 psi. 

a Allowable axial unit stresses in walls are de- 
termined by the following formula: 

F.^oUl-^) 3 ] (8-1) 

6. Allowable axial forces in columns are deter- 
mined by the following formula: 

F.-J- -(0.18^+0.65 P f W-(j5- t ) 8 I < 8 - 2 > 

c. Combinations of axial and flexural stresses will 
satisfy the following formula: 

f. Jk in (or< 1.33 when in combin* *« qv 

T. * K ation with seiamlo or wind) { °~°' 

& See Figure 8- 1 for symbols and nomenclature. 

8-7. General design. In calculating wall 
stresses, concentrated loads may be distributed 
over a length of wall not exceeding the center to cen- 
ter distance between loads. Where the concentrated 
loads are not distributed through a structural ele- 
ment, the length of wall considered shall not exceed 
the width of bearing plus four times the wall 
thickness. Concentrated loads shall not be .distrib- 
uted across continuous vertical joints. Due allow- 
ance will be made for the effect of eccentric loads, 
including additional moments caused by any end 
rotation of floor or roof elements framing into walls. 
Effective width in computing flexural stresses per 
reinforcing bar shall not be greater than six timet 
the wall thickness or 48 inches for running bond or 
three times the wall thickness or 24 inches for 
stacked bond (fig 8-3(b». 

8-8. Height above grade limitation. Unit- 
masonry construction will not be used for shear 
walls where the structure exceeds 80 feet in height 
above the adjacent ground level. Nonstructural ma- 
sonry partitions may be used with skeleton con- 



struction in structural steel or reinforced concrete, 
above the 80 feet, provided isolation compatible 
with three times (or 3/K where K < 1.0) the floor-to- 
floor drift is assured by the detailing. 

8-9. Vertical support. Members (girder, beams, 
ledgers, etc.) which provide vertical load support 
will be limited to non-combustible construction. The 
vertical support will be such that" the toaximum de- 
flection of the support under all design dead and live 
load* will not exceed L/600 where Lis the clear span 
of the support. To limit settlement cracking, it is es- 
sential that temporary shores be removed before 
erecting masonry . 

8-10. Lateral support. Exterior shear walls and 
shear partitions shall be anchored to the structural 
frame or diaphragm (horizontal resisting element) 
by dowels, anchor bolte, or other approved methods 
to withstand applicable horizontal f9rcee, normal to 
face, but in no case less than 200 pounds per lineal 
foot. Dovetail anchors are inadequate for this pur- 
pose. Nonstructural partitions shoUld be isolated 
from exterior walls and shear partition? so as to pre- 
vent buttress action which would restrict shear 
walls from deflecting with t^be diaphragms. Isolated 
masonry partitions shall be braced to overhead con- 
struction or anchored to other isolated cross-walls to 
assure lateral stability (refer to chap 9, para 9-4, 
and fig 9-1). Wedges will not be used between top of 
partition and framing. 

1*11. Lintel beams. Lintels are formed by 
pitting beam units over openings and reinforcing 
with a minimum of two #4 bars embedded in 
concrete corefill. Reinforcement shall extend 40-bar 
diameters or 24 inches, whichever is greater, beyond 
Nch face of opening; reinforcement shall be sup- 
ported by wire chairs to insure proper coverage of 
•ted. Steel stirrups will be provided as required. 
Bond beams serving as lintels phall be provided with 
supplemental steel as required. 

8-12. Bond beams. Reinforcement bars in bond 
beams will be lapped 40 diameters or 24 inches, 
whichever is greater, at splices, at inte rs ectio n s, and 
at corners. Bar splices will be staggered. Bond 
beams will be provided at top of masonry founda- 
tion wall stems, below/ «4 **. t°P of openings or 
immediately above lintels, at floor and roof levels, 
and at top of parapet walls. Intermediate bond 
beams will be provided as required to conform to the 
maximum spacing of horizontal bars (para 8-136, 
table 8-6). However, whenever the height is not a 
multiple of this normal spacing, the spacing may be 
increased up to a maximum of 24 inches provided 
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the bond beams are supplemented with joint rein- 
forcement. One line of joint reinforcement will be 
provided for each 8-inch increase in the spacing. No 
additional bond beam will be required between win- 
dow openings which do not exceed 6 feet in height, 
provided the prescribed supplemental joint rein- 
forcement is installed. To facilitate placement of 
steel or concrete corefill, the top bond beam for filler 
walls or partitions may be placed in next to top 
course. The area of bond' beam reinforcement shall 
be included as part of the minimum horizontal steel. 
See figure 8-4. 

8-13. Wall* and partitions. Masonry walls and 
partitions shall be designed for applicable vertical 
loads and horizontal forces, both parallel and normal 
to face, with due allowance for the effect of any ec- 
centric loadings. Since distribution of lateral forces 
to any wall-panel depends upon the relative stiffness 
of the various vertical resisting elements at the par- 
ticular level, the location of control-joint* must be 
established before distribution of the lateral forces 
is made. For more complete discussion of lateral 
force distribution refer to chapter 4, paragraph 4-4, 
and chapter 6, paragraph 6-2. The resulting stresses 
will comply with the requirements of paragraph 8-6. 
In addition, there are certain prescribed firbitrary 
limitations on wall dimensions, minimum reinforce- 
ment, and maximum bar spacings. 

a Height and Thickness Limitations. The mini- 
mum nominal thickness of a wall is controlled by the 
type (structural role) of the wall and the height and 
width between supports. Table 8-4 applies. 

6. Minimum Reinforcement Unit-masonry needs 
to be reinforced not only for structural strength but 
to provide ductile properties and to hold it together 
in the event of severe seismic disturbance. All walls 
and partitions will be reinforced as required by 
structural calculations, but in no case, less than the 
minimum area of steel and the maximum spacing of 
bars prescribed below. The minimum reinforcement 
and the mavimum spacing of bars is controlled by 
the type of wall and the seismic zone. Table 8-5 ap- 
plies. Only reinforcement which is continuous in any 
wall-panel will be considered in computing the 
minimum area of reinforcement. Joint-reinforce: 
ment used for crack-control or mechanical bonding 
may be considered as part of the total minimum hor- 
izontal reinforcement, but will not be used to resist 
computed stresses. Further, additional bars will be 
provided around openings, at corners, anchored in- 
tersections, in wall piers, and at ends of wall-panels 
as prescribed elsewhere in this chapter. Vertical 
btxrs in walls will be lapped spliced 40 diameters or 



24 inches minimum. 

TabU8-4. Maximum Unsupported Wall Height or Length 







Max. height 




Nominal 


or length 


Type of wall 


wall 
thickness 


between 
diaphragms 




(inches) 


oreupporte 
(feet) 


Structural 


S 


12 


Uoed-bearing 


S 


IS 


or shear) 


10 


20 




12 


24 




14 


28 




IS 


32 


Nonstructural 


4* 


10* 




a 


IS 




s 


24 




10 


80 




12 


36 




14 


36 




IS 


36 



•4-inch walls in Zone 1 only in buildings not 
exceeding three stories. 

8-14. Columns and pilasters. Masonry col- 
umns and pilasters (fig 8-6) will be constructed of 
reinforced masonry aa prescribed by this chapter, 
and will be designed to withstand all horizontal and 
vertical loads. Masonry columns or pilasters will not 
be used to qualify a structure f or a complete vertical 
load-carrying space frame so aa ta reduce the factor 
"K" below 1.33 of a box system. Masonry columns 
will not be used in rigid frame construction* 

a Limiting Dimensions. The least nominal di- 
mension of every masonry column or wall pilaster 
will be not less than 12 inches. No masonry column 
or pilaster will have an unsupported length greater 
than 18 times its least nominal dimension. Table 
8-6 applies (also, see para 8-3d and table 8-7). 

6. Allowable Loads. The maximum allowable ax* 
ial load on columns and pilasters will be governed by 
paragraph 8-6 (formula 8-2). 

c. Vertical Reinforcement Vertical reinforcement 
will be neither less than 0.006A f nor more than 
0.04A g , where A g is gross area of column. Not loss 
than four #4 bars will be used. Bars will be lapped 30 
diameters. 

d Lateral Ties. Hoop ties of not leas than #2 bora 
for #7 or smaller vertical reinforcement and #3 bora 
for larger reinforcement will be spaced apart not 
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TabU8-& Minimum WaURtlnfommnt 





Total Minimum 

reinforcement 

(percent) 14 


Maximum spacing of bars (inches) 


Vertical bars 


Horizontal bars 


Seismic Zone 


Seismic Zone 


8cismicZone 


4&3 


2 


1» 


443 


2 


1» 


443 


2 


1* 


Structural 


0.20 


0.20 


0.16 


24 


$6 


60 


46 


60 


72 


Nonstructural 


0.16 


0.16 


0.16 


46 


60 


72 


64 


64 


96 



NOTES 

1 Tbe total minimum reinforcement is the sum of the vertical and horizontal reinforcement; not 
lees than 1/6 of the prescribed total minimum reinforcement will be used in either direction. 
a The percentage of area reinforcement is based on gross area of wall (nominal dimensions). 
*Bxc9ption: In Seismic Zone 1, one story structures with eave heights not exceeding 14 feet; and 
two and three story structures with story heights not exceeding 12 feet may be reinforced or par- 
tially reinforced masonry. These structures must be capable of resisting seismic sons 1 loads but 
will be designed by the usual non-seismic criteria. (PsitisJly i^nforoed masonry shall be designed 
as unenforced masonry except that reinforcement ii provided in some areas to resist flexural 
tension stresses. The maximum spacing of vertical Enforcement shall be 6 feet. Vertical rein* 
forosment shall be provided at each side of each opening and each corner of all walls. Horizontal 
reinforcement shall be provided at top of footings, at bottom and top of openings, at roof and 
floor levels, and at top of parapet walls.) 



over 16 bar diameters, 48 tie diameters, or the least 
nominal dimension of the column. Lateral ties will 
be in contact with the vertical steel and not in the 
horizontal bed joints. Lateral ties shall be placed not 
lees than 1-1/2 inches nor more than 3 inches from 
the top of column. Additional ties of three #3 bars 
shall be placed within the top 5 inches of column. 

1-15. Wall plors. Masonry wall piers will be de- 
signed to withstand all horizontal and vertical 
loads. Every pier or wall section whose height ex- 
ceeds four times its thickness and whose width is 
less than three times its thickness will be designed 
and constructed as required for columns. Every pier 
or wall section whose width is between three and 
five times its thickness will have all horizontal steel 
in the form of ties. Table 8-7 and figure 8-6 cpply. 



8-14. Woli openings. Sines the area ground wall 
openings is vulnerable to failure, supplemental 
reinforcement around the perimeter of openings is 
prescribed herein. For purpose of this paragraph, 
the term "jamb bars" shall mean bars of the same 
size, number, extent, and anchorage as the typical 
vertical stud reinforcement in that wall, and in no 
case lees than one bar, #4 or larger. Refer to figure 
8-7. 

A Gsif /. Provide jamb bars on each side of 
opening and at least one bar, #4 or larger, at top and 



bottom of opening. The lintel bars above the open- 
ing may serve as the top horizontal bar and a bond 
beam bar at the bottom of the opening may serve as 
the bottom horizontal bar. Case I applies to: (1) all 
openings in nonstructural partitions over 100 
square inches, and (2) any opening in structural par- 
titions or exterior walls which is 2 feet or less both 
ways but over 100 square inches. 

6. Case II. The perimeter reinforcement will be 
the same as in Case I plus additional reinforcement 
as follows: provide at least one bar, #4 or larger, on 
all four sides of the opening in addition to required 
bars in Case I and shall extend not lees than 40 bar 
diameters or 24 inches, whichever is larger, beyond 
corners of the opening. Case II applies to exterior 
walls and structural partitions for any opening 
which exceeds 2 feet but not over 4 feet in any direc- 
tion. 

c. Ca$* III The perimeter reinforcement will be 
the same as in Case II, except that vertical jamb 
bars will be provided in lieu of the shorter vertical 
bars. Case III applies to any opening which exceeds 
4 feet in either direction in exterior walls or struc- 
tural partitions. 

8-17. Stacked bond. Sines a running bond pat- 
tern is the strongest and most economical, the 
criteria in this manual are based upon eachwythe of 
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Table 8-6. Column or Pilaster Height Limitation 



Least Dimension (inches) 


12 


14 


16 


20 


24 


Maximum Height (feet) 


18 


21 


24 


30 


36 




6" x 16" Pilaster 
8" x 8" x 16" 



Concrete Masonry Unit 



Figure 8-5. Hollow Unit Masonry Pilaster 
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Tabic 8-7» Dimensions of Wall Pier* (Inoh**) 



Nominal 

Wall 

Thickness 

(Inches) 


Design as a 
Column If: 


Design as a 
Pier If 
W Equals 


Design at a 

Wall If 

W Exceeds 


W less 
than 


h greater 
than 


6 

8 

10 

12 

16 


24* 

24* 

32* 

40 

48 


24 
32 
40 
48 
61 


24 - 32 
24-40 
32-48 
40 - 64 
48-80 


32 
40 
48 
64 
80 


Design 
Criteria 


Paragraph 8-14 


Paragraph 8-15 


Paragraph 8-13 


For additional reinforcement around 
openings* see paragraph 8-16 



♦Requires pilaster 
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Case I 



Case II 



Case III 



Refer to paragraph 8-16 for application of Cases I, II, and III. 



Figure 8-7. Reinforcement Around Vail Openinge 
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masonry walls being constructed in a running bond 
pattern. Use of stacked bond pattern will be re- 
stricted to reinforced walls essential to the 
architectural treatment. Filled cell masonry or 
grouted masonry shall be used. For filled cell ma- 
sonry, open end blocks shall be used and so arranged 
that closed ends are not abutting. 

8-18. Cavity walls. This form of construction is 
commonly used where resistance to rain penetration 
is desired and where thermal insulation may be pro- 
vided. The two wythes of the wall forming the 
cavity must be separately reinforced and thus de- 
signed as independent structural walls. There is no 
limitation on the width of the cavity. The wall thick- 
ness and heights must comply with table 8-4. If the 
exterior wythe is tied to the reinforced inner wythe 
but is nonhealing and isolated on three sides* the ex- 
terior wythe may be unreinforced, in which case this 
construction may be considered as an anchored 
veneer and must comply with requirement for an- 
chored veneer. 

EXCEPTION: Seismic Zone 1, see table 8-6 exceptions, cav- 
ity walls may be designed in accordance with TM-6-809-3, 
AFM 88-3, chapter 3 and N AVFAC DM-2.6. 

8-19. Veneered wall. There are two methods for 
attaching veneer to a backup structural wall (see fig 
8-8). 

a Anchored veneer is a masonry facing secured 
by joint reinforcement or equivalent mechanical tie 
attached to the backup. All required load carrying 
capacity (both vertical and lateral) shall be provided 
by the structural backup wall. The veneer shall be 
nonhealing and isolated on three edges to preclude 
it from resisting any load other than its own weight 
and in no case shall it be considered part of the wall 
in computing required thickness of a masonry wall. 
The veneer shall be not less than 1-1/2 inches nor 
more than 6 inches thick. The veneer will be tied to 
the structural wall with 3/16 inch round corrosion 
resisting metal ties or joint reinforcement capable of 
resisting in tension or compression, the wind load or 
two times the weight of veneer, whichever governs. 
Maximum spacing of ties is 16 inches and a tie must 
be provided for each two square feet of Wall area. 
Adjustable ties are not permitted. The maximum 
space between the veneer and the backing shall not 
exceed 2 inches unless spot mortar bedding is 
provided to stiffen the ties. A noncombustible, non- 
corrosive horizontal structural framing shall be 
provided for vertical support of the veneer. The 
maximum vertical distance between horizontal sup- 
ports shall not exceed 26 feet above the adjacent 
ground and 12 feet maximum spacing above the 25 



TM 5-809-10 

NAVFACP-355 

AFM 88-3, Chap. 13 

feet height. The deflection of a supporting lintel will 
be limited to L/600. 

6. Adhered veneer is masonry veneer attached to 
the backing with minimum 3/8 inch to muTimnm 3/4 
inch mortar or with approved thin set latex Port- 
land cement mortar. The bond of the mortar to the 
supporting element shall be capable of withstanding 
a shear stress of 50 p.s J. Maximum thickness of the 
veneer shall be limited to 1 inch. Since adhered ve- 
neer is supported through adhesion to the mortar 
applied over a backup, consideration shall be given 
for differential movement of supports including that 
caused by temperature, shrinkage, creep, and deflec- 
tion. A horizontal expansion joint in the veneer is 
recommended at each floor level to prevent spelling. 
Vertical control joints should be provided in the ve- 
neer at each control joint in the backup. 

8-20. Throo basic types off reinforced ma- 
sonry walls, a Reinforced grouted masonry is 
that type of construction made with two wythes of 
masonry units in which the collar joint between is 
reinforced and filled solidly with concrete grout. The 
grout may be placed as the work progresses or after 
the masonry units are laid. Collar joints will be rein- 
forced with deformed bars, both vertical and hori- 
zontal. Reinforcement and embedded items such as 
structural connections and electrical conduit shall 
be positioned so as to allow proper placement of 
grout. All units will belaid in running bond with full 
shoved head and bed mortar joints. Masonry head- 
ers will not project into grout spaces. Clipped-brick 
headers will be used where the appearance of ma- 
sonry headers is required. See figure 8-9. 

(1) High-lift grouting procedures contemplate 
that: first, both vertical and horizontal bars are erec- 
ted; then, the masonry units are laid, one wythe of 
masonry on each side of the reinforcement, with 
space between for grout; finally, after the masonry 
is built a full story height, the collar joint is filled 
solidly with concrete grout. As the work progresses, 
both wythes shall be kept approximately at the 
same height to accommodate the wall ties (or ladder 
bars) spaced not to exceed 24 inches horizontally 
and 16 inches vertically to resist the hydrostatic 
pressures of the fluid grout. These ties shall be laid 
in the mortar bed and all ties shall be in the same 
line vertically in order to facilitate the vibrating of 
the grout pours. Width of the grout space shall be 
not less than 3-1/2 inches and the wall shall be con- 
structed so as to p re serve an unobstructed vertical 
alignment of the grout space. Cleanout openings 
shall be provided at the bottom of each pour. The 
openings shall be of sufficient size and location to 
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allow flushing away of mortar droppings and debris. 
All mortar droppings and overhangs shall be re- 
moved from the foundation or bearing surface and 
reinforcing. A sand bed or plastic film will prevent 
mortar droppings from bonding to the foundation 
walL Dislodge any hardened mortar from the collar 
joint wall surfaces and reinforcing with a pole or rod 
and remove the mortar debris prior to cleanup and 
grouting 1 . All cleanout closures, reinforcing, bolts, 
and embedded connection items shall be in position 
before grouting is started. Grout shall be handled 
from the mixer to the point of deposit in the grout 
space as rapidly as practical by pumping and 
placing methods which will prevent segregation of 
the mix and cause a minimum of grout splatter on 
reinforcing and masonry unit surfaces not being 
immediately encased in the grQut lift. Use of the 
high-lift grouting methods should be restricted to 
walls where wall openings, arrangement of piers, 
special reinforcing details, or embedded items do 
not prevent the free flow of grout or inhibit the use 
of mechanical vibration to properly consolidate the 
grout. A grout admixture is recommended to reduce 
early water loss to the masonry units and to produce 
a slight expansion sufficient to offset initial shrink- 
age and promote bonding of the grout to the interior 
surf ace of the units. 

(2) Low-lift grouting procedures contemplate 
that: first, the vertical bars are erected; then, the 
horizontal bars are placed and grouted in as laying 
of the masonry work progresses. The contact sur- 
face of all foundations and floors that is to receive 
masonry work shall be cleaned and roughened to in- 
sure a good bond between the grout fill and the 
concrete surfaces. Width of collar joints shall be 
such as to provide at least 1/2 inch grout coverage 
around all reinforcement bars. 

6. Reinforced hollow masonry is that type of con- 
struction made with a single wythe of hollow 
masonry units (concrete or clay blocks), reinforced 
vertically and horizontally with steel bars, and cores 
and voids containing reinforcing oars or embedded 
items are filled with grout as the work progresses. 
Construction procedures contemplate that the verti- 
cal bars ars erected first; then, the horizontal bars 
and joint reinforcement, if required, are placed and 
grouted in as laying of the hollow masonry work 
progresses. See figure 8-10. 

c Reinforced fiUedrcell masonry is that type of 
construction made with a single wythe of hollow ma- 
sonry units, reinforced vertically and horizontally 
with deformed steel bars, and all cores and voids are 
filled solidly with grout after the wall is laid. Con- 
struction procedures contemplate that, first, the 

8-18 



hollow masonry units are laid to full height of the 
wall with horizontal bars and joint reinforcement 
being placed as the masonry work progresses; the 
vertical bars may be either erected first or dropped 
into position after the wall is erected. Finally, all 
cores and voids are grouted solidly by the high-lift 
grouting method. Use of open end units is preferred 
and bond-beam units are required at all horizontal 
bar locations. Both horizontal and vertical reinforce- 
ment shall be held in position by wire ties or spacing 
devices near each end and at intervals not exceeding 
160-bar diameters. The contact surface of all foun- 
dations and floors that are to receive masonry work 
shall be cleaned and roughened before start of 
laying. It shall be protected during construction to 
insure a good bond between the grout fill and con- 
crete surfaces. Cleanout openings shall be provided 
through block faces at the bottom of each pour, of 
sufficient size and location to allow flushing away of 
mortar droppings and debris. After laying of ma- 
sonry units is completed, the cells cleaned, rein- 
forcing positioned, inspection completed, and 
cleanouts closed, the high-lift grout shall be placed 
in one continuous pour by lifts which allow time for 
consolidation and loss of water, but placed at such a 
rate as not to form intermediate construction joints 
or blowouts. The maximum height of any pour shall 
be limited to 12 feet for 8-inch walls and 16 feet for 
12-inch walls. Low-lift grouting procedures may 
also be used for filled cell construction. See figure 
8-11. 

8-21. Control joints (crock control). Cracking 
of walls constructed with concrete-masonry-units is 
caused by the development of tensile stresses within 
the wall assembly which exceed the tensile strength 
of the materials comprising the assembly. Generally 
it is due to tensile stresses which develop when wall 
movements accompanying temperature and mois- 
ture change as restrained by other elements, or 
when concrete masonry places restraint on the 
movements of adjoining elements. Moistute loss de- 
pends on the shrinkage potential of the masonry 
units and the drying conditions at the building site, 
expressed in terms of relative humidity. Major 
methods employed to control cracking in masonry 
structures are (1) materials specifications to limit 
the drying-shrinkage potential, (2) reinforcement to 
increase crack resistance, and (3) control joints to 
accommodate movement. Any crack control mea- 
sure taken must be compatible with the structural 
design for seismic forces. Control joints provide a 
complete separation of the masonry. Hence, location 
of control joints fixes the length of wall-panels and, 
in turn, the rigidity of the walls, the distribution of 
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seismic forces and the resulting unit stresses. There- 
fore, adding, eliminating or relocating control joints 
will not be permitted once the structural design is 
complete. Control joints shall never be assumed to 
transfer bending moments or diagonal tension 
across the joint. Joint reinforcement and bars in 
nonstructural bond beams will be terminated at con- 
trol joints; deformed bars in structural bond beams 
will be made' continuous for length of the dia- 
phragm. Using quality controlled concrete-masonry- 
units and the prescribed minimum reinforcement of 
seismic design, cracking is not normally a problem 
when the maximum horizontal spacing of control 
joints is limited to four times the diaphragm-to- 
diaphragm height or 100 feet on center, whichever is 
less. See figure 8-12. 

9-22. Connections to other dements. The use 
of joints and connections for the transmission of 
shears, axial loads, moments, and torsions from dia- 
phragms to walls and from walls to sub-structure is 
inherent in seismic design. Great care must be taken 
to properly design connections between the vertical 
resisting elements (shear wall-panels) and the 
horizontal resisting elements (floor and roof dia- 
phragms) so as to make such walls an integral part 
of the structural system. Positive means will be pro- 
vided for transferring shear from the plane of the 
diaphragm into the shear wall-panels into the dia- 
phragms. In designing connections or ties, it is 
necessa r y to carry out the forces and their stress 
paths (according to relative rigidity) and also to 
make each and every connection along each path 
adequate and consistent with the basic assumptions 
and distribution of forces. Because joints and con- 
nections directly affect the integrity of the 
structure, their design and fabrication must be ade- 
quate for the functions intended. In designing and 
detailing, it is well to keep in mind that the lateral 
forces are not static, as assumed for convenience, 
but dynamic and to a great extent unpredictable. 

a Forces to be considered in the design of joints 
and connections are gravity loads; temporary erec- 
tion loads differential settlements; horizontal loads 
normal to wall; horizontal forces parallel to wall; and 
creep, shrinkage, and thermal forces— separately or 
combined as applicable. Bond beams acting as 
flange (chord) for horizontal diaphragms will require 
reinforcement to be continuous at dummy control 
joints for tensile and compressive chord stresses in- 
duced by the diaphragm beam action, and the 
marginal connections must be capable of resisting 
the flexural and shear stresses developed. 

6. Joints and connections may be made by 
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welding steel reinforcement to structural steel 
members, by bolting, by dowels, by transfer of ten- 
sile or compressive stresses by bond of reinforcing 
bars, or by use of key-type devices. The transfer of 
shear may be accomplished by using reinforcing 
steel extended as dowels coupled with cast-in-place 
concrete placed between roughened concrete inter- 
faces, mechanical devices such as embedded plates 
or shapes. The entire shear should be considered as 
transferred through one type of device, even though 
a combination of devices may be available at the 
joint or support being considered. Maximum spac- 
ing of dowels or bolts will not exceed 4 fset. All 
significant combinations of loadings should be con- 
sidered, and the joints and connections should be 
designed for forces consistent with all possible com- 
binations of loadings. Details of the connections 
shall admit to a rational analysis in accordance with 
well-established principles of mechanics. 

c. The strength of connections, as a general rule, 
should be sufficient to develop the useful strength of 
the structural elements connected, regardless of cal- 
culated stress. The design forces for joints and 
connections between lateral force resisting elements 
will be at least 2.0 times the calculated shear when 
using the prescribed lateral loads, except that the 
connection need not be required to develop forces 
greater than the ultimate capacity of the connected 
elements, and in no case less than 200 pounds per 
linear foot. The shear on every bolt shall not exceed 
the values given in table 8-8. 

d Cautionary Notes for Designers and Detailers. 
Avoid connection and joint details which would re- 
sult in stress concentrations that might result in 
spelling or splitting of face shells at contact sur- 
faces. Liberal chamfers, adequate reinforcement, 
and cushioning materials are a few means by which 
stress concentrations may be avoided or provided 
for. Avoid direct bearing of heavy concentrated 
loads on face shell of concrete masonry units. Avoid 
welding to any embedded metal items which might 
cause damage to the adjacent masonry by spelling, 
in particular where the expansion of the heated 
metal is restrained by masonry . All bolts and dowels 
which are embedded in masonry will be grouted sol- 
idly in place with not less than 1 inch of grout 
between the bolt or dowel and the masonry. At tops 
of piers and columns, vertical bolts will be set inside 
the horizontal ties. 

8-23. Firewalls. A fire wall is a fire-resistive bar- 
rier which must be able to withstand the temper- 
ature of uncontrolled fires without disintegration, 
prevent passage of fire from either side to the other 
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Minimum 








EdgeDietance 




Minimum Embedment 




in Loaded 


Diameter 


end Spacing 


Shear 


Direction 


(inchee) 


(inchee)" 


(pounde) 


Onchee) 


1/2 


4 


360 


3 


6/8 


4 


600 


3 


3/4 


5 


760 


4 


7/8 


6 


1,000 


4 


1 


7 


1,260* 


6 


1-1/8 


8 


1,600* 


6 



For load applied at the top of and parallel to wall, the bolt value* may be increased 60 percent 
when vertical bolts are eet between horizontal bond-beam reinforcement. 
Allowable shear may be increased 1/3 when wind or seismic forces are included. 
•Permitted only with not less than 2,600 psi units. 
••An additional 2 inches of embedment will be provided for anchor bolts at top of columns. 



aide, confine fire from sweeping over or around 
either end (by use of parapet at roof line, and wing 
walls or fire wall returns at exterior walls), have 
insulating qualities to maintain low temperature on 
the unexposed face of the wall, and remain standing 
even when a portion of the building on either side 
collapses. Stability is one of the essential properties 
of a fire wall. Such a wall must remain standing 
during a fire even when the building framing on one 
aide collapses. This stability requirement has led to 
several little-appreciated design problems in loca- 
tion of expansion (seismic) joints and in selecting or 
adapting a seismic structural system which is com- 
patible with this fire wall requirement. A "Fire Cut- 
Off Partition" is a fire-resistive barrier used to delay 
the spread of a fire; but, unlike a fire wall, it is not 
required to remain standing should a portion of the 
building collapse. The most commonly used types of 
fire walls are described below (other types may be 
used, provided they conform to the principles in the 
foregoing text). (Refer to fig 8-13.) 

a. Double fire wall is a very reliable type of fire 
separation. The separate walls are laterally sup- 
ported by their respective building structural 
system, and each may be part of a seismic structural 
system. In case of masonry, it may be used as two 
shear walls back-to-back. If there is an uncontrolled 
fire on either side of the double wall, the building 
frame will collapse and pull one wall with it. The 
other wall, being supported by the framing on the 
side away from the fire, will remain in place. A dou- 
ble wall having two 3-hour one-way walls may be 
considered as a 4-hour wall. The double wall serves 
as an expansion joint in the building. The width of 



the gap between is based on requirements for seis- 
mic joints. 

6. Free-standing fire wall, as an alternative to a 
double fire wall, is entirely self-supporting without 
any structural tie to adjacent framing. For stability 
against horizontal forces, it must lely on its own 
strength as a cantilever from the base. Horizontal 
forces may be caused by wind, earthquake, or by the 
pull of flashing as the burning portion of the build' 
ing collapses. Lateral strength of the wall shall be 
obtained by providing reinforcing steel in the wall 
and by adding reinforced pilasters, if necessary. A 
double seismic joint is required and each portion of 
the building, adjacent to fire wall, will be designed 
as an independent structure. 

c. One-way fire wall meets all requirements of a 
regular fire wall except that it is limited to remain 
standing when the fire exposure is from one (prese- 
lected) side. Therefore, it is useful only to isolate a 
hazardous area from an ordinary or light hazardous 
occupancy. 

8-24. Weatherproof Ing. Each job requires a 
separate decision as to the requirements for weath- 
erproofing, damp-proofing, thermal insulation, and 
vapor control. Manuals and guide specifications of 
applicable agency apply. 

8-25. Surface bonding of concrete masonry 
units. This method of construction is not permitted 
in Seismic Zones 2, 3, and 4. Use in Zone 1 is re- 
stricted to design agency approval 

8-26. Drawings. The locations of control joints, 
and the identification of structural and nonstruc- » 
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ttml walls and partitions for all masonry construc- 
tion will be shown on preliminary and contract 
drawings. On contract drawings, show complete 
lifttails for masonry, reinrcement, and connections 
to other elements. Detailing procedures outlined in 
ACI-315, "Manual of Standard Practice for Detail- 
ing Reinforced Concrete" are generally applicable to 
re i nforced mas onr y. 
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8-27. OvtrsM* construction. In overseas con- 
struction, where local materials or grades other than 
thoue herein are used, the working stresses, details, 
and other requirements of this chapter will be 
modified as required because of the characteristics 
of the materials. 

8-28. Additional details. See figures 8-14 
through 8-17, and tables 8-9 and 8-10. 
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Table 8-9. Average Weight of Concrete Maeonry Unit 
(2-Cell Unit, 8" x 8" x 16") 



Thickness 
(Inches) 


Gross Area 
of Unit 
(square 
Inches) 


Net Area 
of Unit 
(square 
Inches) 


Lightweight 

Aagregate 

(pounds 

per unit) 


Sand-Gravel 

Aagregate 

(pounds 

per unit) 


4 


57 


37 


15 


20 


6 


88 


50 


23 


33 


8 


119 


57 


28 


38 


12 


182 


83 


40 


56 



Table 8-10. Average Weight of Completed Vail 1 
(Pounds per Square Foot of Vail) 



Thickness 
(Inches) 


Lightweight 
Aggregate 


Sand-Gravel 
Aggregate 


Clay- 
block 


Grouted 
Brick 


6 


8 


12 


6 


8 


12 


9 


9-1/2 


10 


11 


12 


Solid 
Grouted 
Wall 


56 


77 


118 


68 


92 


140 


88 


90 


95 


100 


no 


120 


Spacing of 

Vertical 

Grouted 

Cores 

(Inches) 


16 


46 


60 


90 


58 


75 


HI 


71 




24 


42 


53 


79 


53 


68 


99 


64 


32 


40 


50 


73 


51 


65 


93 


61 


40 


38 


47 


70 


50 


62 


89 


58 


48 


37 


46 


68 


49 


61 


87 


55 













*A sand-gravel aggregate has been assumed for the grout and mortar. 
The above weights Include an assumed average for bond beams and rein- 
forcement. 
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CHAPTER 9 
ARCHITECTURAL ELEMENTS 



9-1. Purpose and scope. This chapter defines 
architectural elements, discusses their participation 
and importance in relation to the seismic design of 
the structural system, and prescribes the criteria for 
their design to resist damage from seismic lateral 
forces. The fundamental principle and underlying 
criterion of this chapter are that (a) the design of ar- 
chitectural elements will be such that they will not 
collapse and cause personal injury due to the accel- 
erations and displacements induced by severe seis- 
mic disturbances, and (b) the architectural elements 
will withstand more frequent but less severe seismic 
disturbance without excessive damage and eco- 
nomic loss (refer to chap 2, para 2-9*). Mechanical 
and electrical elements are considered separately in 
chapter 10. 

9-2. Definition. Architectural elements are gen- 
erally defined as all elements of a building shown 
only in the architectural contract drawings (i.e., not 
detailed in the structural or mechanical/electrical 
drawings), such as nonstructural walls, partitions, 
windows, suspended ceilings, ornamentation, and 
appendages. A nonstructural architectural element 
is usually isolated or is so flexible such that it does 
not participate in the lateral shear resistance of the 
structure. For example, a wall which is isolated at 
the top and both ends, so as not to resist inplane de- 
formations, is classified as a nonparticipating, non- 
structural, architectural element. Note that such a 
wall must be braced laterally at the top or else it 
must cantilever from the floor (fig 9-1). A rigid non- 
bearing curtain or filler wall (e.g., concrete or ma- 
sonry) that is not isolated, although generally con- 
sidered as a nonstructural element, will obviously 
participate in shear resistance to horizontal forces 
parallel to ths wall because it tends to deflect and be 
stressed when the building deforms under lateral 
forces. The degree of participation is dependent on 
the relative rigidities of such elements relative to 
the over all structure. 

9-3. Design criteria. Architectural elements (1) 
must safely resist horizontal forces equal to a force 
coefficient times their own weight, and (2) must be 
capable of conforming (accommodating) to the lat- 
eral deflections that they will be subjected to during 
the lateral deformation of ths building in which they 
are located* 

a. Lateral Fortes. The equivalent static lateral 
force that is applied to architectural elements is 



given by the formula 3-8 in chapter 3, paragraph 
3-3(0), 

Fp-ZICpWp (8-8) 

where the direction of the force F p and the value of 
the coefficient Cp are prescribed in table 3-4. In gen- 
eral, the value of Cp is 0.30; however, for ornamenta- 
tion, parapets, and other appendages, where the po- 
tential for collapse and injury is greater, Cp is 0.80. 
For exterior wall panels, Cp is 0.30; however, the 
special provisions of chapter 3, paragraph 3-3(J)3d 
apply. 

6. Deflections. For the design of the structure, 
lateral deflections or drift of a story relative to its 
adjacent story is limited to 0.005 times the story 
height unless it can be demonstrated that greater 
drift can be tolerated (chap 3, para 3-3(H)l). The 
drift is calculated from the application of the re- 
quired lateral forces multiplied by 1/K (1/K not less 
than 1.0). 

(1) Architectural elements will be designed and 
detailed to conform to these drift requirements 
without damage. 

(2) Exterior elements are required to allow for 
relative movement equal to 3/K times the calculated 
elastic story displacement caused by required 
seismic forces or 1/2-incb per story, whichever is 
greater (chap 3, para 3-3(J)3d). 

(3) The effects of adjoining rigid elements on 
the structural system will also be investigated (chap 
3,para3-3(J)le). 

9-4. Detailed requirements, a. Partitions. 
Partitions are classified into two general categories: 
(1) rigid and (2) nonrigid. Reference is also made to 
chapter 6, paragraph 6-2. 

(1) Rigid Partitions. This category generally re- 
fers to nonstructural masonry walls. Where such a 
wall is unable to resist the lateral forces (parallel to 
its plane) that it is subjected to, based on relative 
rigidities, it will be isolated. Typical details for isola- 
tion of these walls are shown in figure 9-1. These 
walls will be designed for the prescribed forces nor* 
mal to their plane. 

(2) Nonrigid Partitions. This category generally 
refers to nonstructural partitions such as stud-and- 
drywall, stud and plaster, and movable partitions. 
When constructed according to standard recom- 
mended practice, it is assumed that the partitions 
can withstand the design inplane drift of 0.006 
times the story height (i.e., 1/16 inch per foot of 
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height) without damage. Therefore, if the structure 
is designed to control drift within the prescribed 
limits, these partitions do not require special 
isolation details. They will be designed for the 
prescribed seismic force acting normal to flat sur- 
faces. However, wind or the normal 10 pounds per 
square foot partition load will usually govern. If the 
structural design drift is not controlled within the 
prescribed limits, isolation of partitions will be re- 
quired for reduction of nonstructural damage. 
Economic justification between potential damage 
and costs of isolation will be considered. Decision 
needs to be made for each project as to the role, if 
any, such partitions will contribute to damping and 
response of the structure, and the effect of seismic 
forces parallel to the partition resulting from the 
structural system as a whole. Usually, it may be as- 
sumed that this type of partition is subject to future 
alterations in layout location. The structural role of 
partitions may be controlled by height of partitions 
and methods of support. 

6. Connections of Exterior Wall Panels. Precast, 
nonhealing, nonshear wall panels of other elements 
which are attached to, or enclose the exterior, will 
accommodate movements of the structure resulting 
from lateral forces or temperature changes. The con- 
crete panels or other elements will be supported by 
means of cast-in-place concrete or by mechanical de- 
vices. Connections and panel joints will be designed 
to allow for the relative movement between stories 
and will be designed for the forces specified in chap- 
ter 3, paragraph 3-3(J)3d. Connections shall have 
sufficient ductility and rotation capacity so as to 
preclude fracture of the concrete or brittle failures at 
or near welds. Inserts in concrete shall be attached 
to, or hooked around reinforcing steel or otherwise 
terminated so as to effectively transfer forces to the 
reinforcing steel. Connections to permit movement 
in the plane of the panel for story drift may be prop- 
erly designed sliding connections using slotted or 
oversize holes, or may be connections which permit 
movement by bending of steel components without 
failure. Typical design forces are shown in figure 
9-2. 

c. Suspended Ceiling Systems. Earthquake dam- 
age to suspended ceiling systems can be limited by 
proper support and detailing. Suspended ceiling 
framing systems in Seismic Zones 2, 3, and 4 will be 
designed for the prescribed forces in chapter 3, para- 
graph 3-3, table 3-4. The ceiling weight, W p , shall 
include all light fixtures and other equipment which 
are latdtelly supported by the ceiling. For purposes 
of determining the lateral force, a ceiling weight of 
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not less than 4 pounds per square foot shall be used 
(reference table 3-4, footnote 6). The support of the 
ceiling systems will be by a positive means of sup- 
port such as wire or an approved seismic clip sys- 
tem. Typical details of suspended acoustical tile ceil- 
ings are shown in figure 9-3. 

d Parapets, Ornamentation, and Appendages. 
These elements will be designed for forces resulting 
from Cp equal to 0.8 as prescribed in chapter 3, para- 
graph 3-3(G) and table 3-4. For the design of para- 
pets refer to chapter 6, paragraph 6- 2c. 

e. Window Frames. Window frames will be de- 
signed to accommodate deflections of the structure 
without imposing a load on the glass. As glass is a 
brittle material, a considerable hazard of falling 
glass may be present. It is particularly serious if the 
glass is above and adjacent to a public way. This 
hazard can be eliminated by proper isolation be- 
tween glass and its enclosing frame. It is obvious 
that the magnitude of isolation required depends 
upon the drift and the size of the individual pane or 
enclosing frame. Thus a pane of glass in a full story 
height frame should have an isolation or movement 
capability as great as the maximum possible drift 
(e.g., 3.0/K times the calculated elastic story dis- 
placement prescribed in chap 3, para 3-3(J)ld and 
3-3(J)3d). The actual isolation clearance will depend 
on the geometry and deformation characteristics of 
enclosing frame, frame support, and structural sys- 
tem. Special care will be exercised in the field to see 
that such isolation is actually obtained. 

/. Stairways. The rigidity of the stairway, relative 
to the structure, will be considered. In some cases 
the stairway will be isolated from the structure for 
lateral force considerations. Refer to chapter 4, para- 
graph 4-74 for special seismic detailing. 

g. Storage Racks. Chapter 3, paragraph 3-3(G), 
and table 3-4 prescribe the seismic design forces for 
storage racks. However, two alternative methods 
for determining the seismic design forces are per 
mitted under certain conditions. 

(1) Table 3-4. Lateral forces are determined 
from the formula F p = ZICpW p (formula 3-8) where 
Cp is equal to 0.30 and W p is equal to the weight of 
the racks plus contents. If the racks are self-sup- 
porting and located on the ground level of the build- 
ing, Cp is reduced to a value of 0.20 (footnote 1 of 
table 3-4). If the racks are over two storage support 
levels in height, the Cp value for the storage levels 
below the top two levels is reduced by 20 percent 
(i.e., Cp equals 0.24, or 0.16 if self-supporting on the 
ground level). 
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(2) Alternate No. 1. Where a number of storage 
rack units are interconnected so that there are a mi- 
nimum of four vertical elements in each direction on 
each column line designed to resist horizontal 
forces, the design coefficients may be as for a build- 
ing with K values from table 3-3, CS = 0.20 for use 
in the formula V = ZIKCSW (formula 3-1) and W 
equal to the total dead load plus 50 percent of the 
rack rated capacity. 

(3) Alternate No. 2. For pallet racks, drive-in and 
drive through racks, and stacker racks made of cold- 
formed or hot-rolled steel structural members which 
are located on the ground level of the building, the 



provisions of Uniform Building Code Standard No. 
27-11 may be used. This standard is based on "In- 
terim Specifications for the Design, Testing, and 
Utilization of Industrial Steel Storage Racks/' 
1972, and "Supplement No. 1 to the Specification," 
June 18, 1973, by the Rack Manufacturers Institute 
(1326 Freeport Rd., Pittsburgh, PA 15238). These 
provisions are based on the formula V — ZIKCSW 
(formula 3-1), with the coefficients determined in a 
manner consistent with the provisions of chapter 3, 
paragraph 3-3, of this manual. W is equal to the 
weight of the racks plus contents. 
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Figure 9-2. Design Forces for Exterior Preoast Elements 
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CHAPTER 10 
MECHANICAL AND ELECTRICAL ELEMENTS 



10-1. Purpose end scopo. This chapter pre- 
scribes the criteria for structural design of anchor- 
ages and supports for mechanical and electrical 
equipment in seismic areas. Mechanical and electri- 
cal equipment have been classified as being either 
ongrade or supported by the building and as being 
rigid or flexible The principles and concepts given 
herein are intended to illustrate principles and con- 
cepts involved in seismic design of mechanical ahd 
electrical elements of buildings. The fundamental 
principle and underlying criterion of this chapter 
are that the design of mechanical and electrical ele- 
ment supports will be such that they will withstand 
(1) the accelerations induced by severe seismic dis- 
turbances without collapse or excessive deflection, 
and (2) the accelerations induced by less severe seis- 
mic disturbances without exceeding yield stresses. 
The design of the equipment itself is beyond the 
scope of this manual. 

a Modification to SEA OC Approach. The seismic 
force criteria for rigid and rigidly mounted equip- 
ment are generally covered by the SEAOC provi- 
sions in chapter 3> paragraph 3-3(G), and table 3-4. 
In order to fulfill the requirements of mechanical 
and electrical elements not specifically covered by 
chapter 3, a modification to the SEAOC approach is 
presented in this chapter. Particular attention is 
given to criteria for the estimation of horizontal 
force factors on flexible and flexibly mounted equip- 
ment. 

b. Seismic Forces. The design forces applied to 
equipment supports are generally higher than the 
forces used in the design of buildings. One reason is 
the amplification of the ground motion acceleration 
transmitted to elements in the elevated stories of a 
building due to dynamic response. Another reason is 
equipment supports often lack the extra margin of 
safety provided by reserve strength mechanisms, 
such as participation of architectural elements, in- 
elastic behavior of structural elements, and redun- 
dancy in the structural system, that are characteris- 
tic of buildings. 

10-2. General requirements. All equipment 
supports designed under the provisions of this 
chapter, for either equipment on the ground or in 
buildings, will conform to the following require- . 
ments: 

a. Rigid Equipment and Rigid Supports. Rigid 
equipment that is rigidly attached to the structure 



or to the ground will be designed for seismic forces 
prescribed by chapter 3, paragraph 8-8(0), of this 
manual. Limitations, exceptions, and commentary 
are stated in paragraphs 10-3 and 10-5 below. 

6. Flexible Equipment or Equipment on Flexible 
Supports. For flexible and flexibly mounted equip- 
ment and machinery, chapter 3, paragraph 3-8(0) 
and table 3-4, footnote 3, state that the appropriate 
values of Cp shall be determined with consideration 
given to both the dynamic properties of the equip- 
ment and machinery and to the building or structure 
in which it is placed. As an alternative to a rigorous 
analysis, a procedure is outlined in paragraph 10-4 
to obtain horizontal design seismic forces for flexi- 
ble or flexibly mounted equipment (and machinery) 
located in the building. Paragraph 10-6 discusses 
the criterion for locations on the ground. 

c. Weight Limitations. Equipment in buildings 
will be considered to be within the scope of this 
chapter if: 

(1) The maximum waight of the individual item 
of equipment does not exceed 10 percent Of the total 
building weight. 

(2) The maximum weight of the individual item 
of equipment does not exceed 20 percent of the total 
weight of the floor at the equipment level. 

The response of equipment is dependent upon the 
response of ths building in which it is housed. If the 
weight of the equipment is appreciable, relative to 
the weight of the building, the interaction of the 
equipment with the building (i.e., coupling effect) 
will change the building response characteristics. It 
is assumed that equipment within the above weight 
limitations has a negligible effect on the response of 
the building. Equipment that is not within the 
above limitations is outside the sebfre of this manual 
and must be designed using a more rigorous method 
of analysis. 

d Rigorous Analysis. No portion of this chapter 
will be construed to prohibit a rigorous analysis of 
equipment and the supporting mechanism by estab- 
lished principles of structural dynamics. Such an 
analysis will demonstrate that the fundamental 
principle and underlying criterion of paragraph 10-1 
are satisfied. In no case will the design result in 
capacities less than 80 percent of thoee required by 
chapter 3, paragraph 3-8(0). 

e. Combined States of Stress. Combined states of 
stress, such as tension and shear on anchor bolts, 
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will be investigated in accordance with established 
principles of structural engineering. Refer to chap- 
ter 4, paragraph 4-6d 

/. Securing Equipment Use of friction as a 
method of resisting seismic forces is not acceptable 
and will not be allowed. Both vertical and horizontal 
accelerations are possible during an earthquake. 
Under vertical acceleration, the normal force re- 
quired to maintain friction can be greatly dimin- 
ished. This could result in a reduction of the friction 
force available to resist horizontal seiflituc Ioll as 
both simultaneous vertical and horizontal accelera- 
tions are possible. Thus, equipment will be secured 
by bolts, embedment, or other acceptable positive 
means of resisting horizontal forces. liefer to para- 
graph 10- 1 1 for example of typical details. 

g. Special Requirements. Additional require- 
ments for lighting fixtures and supports, piping, 
stacks, bridge cranes and monorails, and elevator 
systems are covered in paragraphs 10-6 through 
10-10, respectively. 

10-3. Rigid and rigidly mounted equipment 
in buildings. Rigid and rigidly mounted 
equipment will be considered to be those equipment 
units and equipment supporting systems for which 
the period of vibration as defined in paragraph 
10-4b is estimated to be less than 0.05 second (i.e., 
frequency of vibration greater than 20 Hz). Compact 
equipment directly attached to a concrete pad or a 
footing will be considered rigidly supported. This 
type of equipment-supporting system is very stiff, 
and the period of vibration is very short (i.e., high 
frequency of vibration). Equipment not satisfying 
the rigidity requirement will be designed according 
to the criteria of paragraph 10-4. 

<l Examples of Rigidly Mounted Equipment 

(1) A boiler bolted or otherwise securely at- 
tached to a concrete pad or directly to the floor of a 
structure. 

(2) An electrical panel board securely attached 
to solid walls or to the studs of stud walls. 

(3) An electric motor bolted to a concrete floor. 

(4) A floodlight having a short stem bolted to a 
wall. 

(6) A rigidly anchored heat exchanger. 

6. Equivalent Static Force. The equivalent static 
lateral force is given by formula (3-8) in chapter 3, 
paragraph 3-3(G). 

•Pp-ZICpWp (8-8) 

Cp, as prescribed in table 3-4, is equal to 0.30 for all 
equipment and machinery that are rigid and rigidly 

1#-2 



attached to the building (see para 10-5 for equip- 
ment on the ground). For cantilevered portions of. 
chimneys and smokestacks, Cp is 0.80; however, 
these items must also be investigated for the crite- 
rion stated in paragraph 10-8. 

10-4. Flexible equipment or flexibly mounted 
equipment In buildings. Equipment that does 
not satisfy the rigidity requirements of paragraph 
10-3 will be considered to be flexible or flexibly 
mounted *V flexible and flexibly counted equip- 
ment (and machinery), the appropriate seismic 
design forces will be determined with consideration 
given to both the dynamic properties of the equip- 
ment (and machinery) and to the building or 
structure in which it is placed (chap 3, table 3-4, 
footnote 3). An approximate procedure, which 
considers these dynamic properties within certain 
limits, is presented below. Flexible or flexibly 
mounted equipment that does not qualify within the 
limits of this chapter is outside the scope of this 
manual and will be designed using a more rigorous 
method of analysis. 

a Single Mass System. The approximate proce- 
dure is based on the equipment responding as a 
single-degree-of-freedom system to the motion of 
one of the predominant modes of vibration of the 
building at the floor level in which the equipment is 
placed. Therefore, if the equipment and its support- 
ing system cannot be approximated by a single- 
degree-of-freedom system (i.e., a simple oscillator 
represented by a single mass and a simple spring), a 
more rigorous analysis is required. Some examples 
of systems that do qualify under this procedure fol- 
low: 

(1) Rigid equipment attached to the floor slab 
with a spring isolation system. 

(2) Rigid equipment, rigidly attached to a flex- 
ible supporting system that is rigidly attached to 
the floor slab. 

(3) Rigid equipment attached by. a cantilever 
support from the structure. 

(4) Flexible equipment, which can be repre- 
eented as a single mass system, rigidly attached to 
the structure. 

EXCEPTIONS: Equipment that can be considered to 
have uniformly distributed mast will be designed for seismic 
forces in a manner similar to stacks (para 10-8). Lighting fix- 
tures, piping, stacks, bridge cranes and monorails, and elevator 
systems will be designed as specified in paragraphs 10-6 
through 10-10, respectively. 

6. Equipment Period Estimation. For equipment 
responding as a single-degree-of-freedom system, 
the period of vibration, T a , is equal to 2 Vmaas + 
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stiffness. In terms of inch and pound units, this 
formula becomes 



where 
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T, - ftmdamantal period (sac). 

k >■ StiffiMM of supporting mechanism in Unns of load 
par unit deflection of the canter of gravity (lb/in.). 

W - Weight of equipment and/or equipment supports 
OW, which is equal to the mass times the accelera- 
tion of gravity. 

g - Acceleration of gravity at 586 InJaac*. 

In lieu of calculating the period of vibration using 
Equation 10-1, a properly substantiated experimen- 
tal determination will be alio wed 

c Building Period Estimation. If a building has 
more than one story it is considered to be a multi- 
degr e e of -freedom system with more than one mode 
of vibration. Flexible equipment located in the 
building can be exdted to respond to any of the pre- 
dominant modes of the building vibration. There- 
fore, when investigating the response of equipment 
to the floor motion response, all predominant modes 
of vibration must be considered The building peri- 
ods will be based on realistic estimations that are 
not restricted to limitations used in building design 
criteria. 

(1) Fundamental mode of vibration. The funda- 
mental period of the building vibration Ti corre- 
sponds to the period T used in the design of the 
building. A realistic estimation of Ti will probably 
lie somewhere between the value used to determine 
the force coefficients (chap 4, para 4-3d) and the 
value used to determine the drift compliance (chap 
4 9 para 4-6c). 

(2) Higher modes of vibration. In addition to 
the fundamental mode of vibration, the predomi- 
nant higher modes of vibration must be considered. 

(a) For regular structures (section 3-3(E)), 
with fundamental periods less than 2 seconds, in- 
clude the second and third modes of vibration 
(trtnsUUonal modes in the direcdon under consider 
ation). In lieu of a detailed analysis, the second mods 
period of vibration may be assumed to equal 0.30 
times the fundamental period of vibration (i.e., T% =» 
0.30 Ti) and the third mode period of vibration may 
be assumed to equal 0.18 times the fundamental pe- 
riod of vibration (Le., Tg « 0.18 Ti). 

(b) For buildings with fundamental periods 
greater than 2 seconds, the fourth mode and possi- 
bly the fifth mode should also be included. 

(ct For irregular buildings the dynamic char- 
acteristics of the structure must be investigated to 
determine other (nontranslational or torsional) pre- 
dominant modes. 
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(dj In some cases, the vertical modes of vibra- 
tion should be considered. This applies to floor sys- 
tems that are flexible in the vertical direction and 
equipment sensitive to vertical accelerations. 

d Appendage Magnification Factor. The append- 
age magnification factor (M.F.) is the ratio of the 
peak motion of the appendage (in this case, equip- 
ment) to the peak motion of the floor level that it is 
mounted on. A theoretical value of the M.F. is gen- 
erally based on steady-state motion due to the floor 
responding as a uniform sine wave. However, build- 
ings that are responding to earthquakes move in a 
somewhat random fashion and thereby do not gener- 
ate magnification factors as large as calculated by 
theoretical steady-state responses. Following are 
discussions on the steady-state response and on an 
approximate method for estimating appendage 
magnification factors. 

(1) The magnification factor for an idealized 
single mass oscillator, with a period T a and damping 
characteristics at 2 percent of critical damping, re- 
sponding to a steady-state sinusoidal acceleration 
having a period T, is plotted on figure 10-1. If T a is 
essentially equal to T, M.F. equals 25. In other 
words, at a condition of resonance, the maximum ac- 
celeration of the oscillator mass will be 25 times the 
peak acceleration of the forcing motion. This ideal- 
ized condition depends on (a) fine tuning of the two 
periods, (b) linearity of the oscillator spring, (c) uni- 
formity of the input sinusoidal motion, and (d) 
length of time of the input motion (at least 25 cy- 
cles). 

(2) If the oscillator represents the equipment, 
the floor response represents the steady-state input 
motion, and the Cp value of 0.30 is assumed to be 
the floor acceleration, the peak acceleration for the 
equipment is 25 times O.SOg — 7.5g. In other words, 
the horizontal force on the equipment is seven and 
one-half times its own weight. However, due to the 
actual nonlinear characteristics of equipment and 
buildings and particularly the finite duration of 
earthquake motion, it is highly unlikely that such a 
magnification could actually occur to a 2 percent 
damped equipment appendage. 

(3) In order to approximate a realistic value for 
a design M.F. factor, it is assumed that (a) the peri- 
ods T a and T will differ try at least 5 percent; (b) 
buildings are not perfectly linear elastic, especially 
at high amplitudes of response; (c) the floor response 
is not an exact, uniform sine wave; and (d) the num- 
ber of high amplitude floor response cycles is sub- 
stantially less than 26. 

(4) The design M.F. factor curve shown in fig- 
ure 10-2 is presented as an aid to estimating the de- 
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sign response of single-degree-of-freedom append- 
ages, in Ueu of more rigorous analysis methods. The 
peak M.F. of 25 is reduced to 7.5 by reducing the ef- 
fectiveness of the period tuning, the peak floor re- 
sponse amplitude, and the number of continuous cy- 
cles to roughly two-thirds of the idealized values 
(i.e., 26 X 2/3 X 2/3 X 2/3 * 7.6). The width of the 
magnification factor is broadened to account for un- 
certainty of actual period ratios. 

e. Equivalent Static Force. The equivalent static 
force for the anchorage of flexible and flexibly 
mounted equipment is given by the formula 

F p -ZIA p CpWp UO-2) 

which is a modification of the rigid equipment for- 
mula 3-8, where A p is the amplification factor for 
the coefficient Cp. The value of A p is related to the 
M.F. values of figure 10-2; however, the maximum 
value of 7.5 is reduced to a value of 5.0 to account 
for multimode effects that are assumed to be in- 
cluded in the Cp values of table 3-4 (i.e., the Cp for 
rigid equipment considers the peak floor accelera- 
tion for a combination of modes; however, only one 
of these modes will excite the single resonance fre- 
quency of the flexibly mounted equipment). The 
value of A p will be determined by one of the alterna- 
tives listed below: 

(1) If the periods of the building and equipment 
are not known, A p = 5.0. 

(2) If the fundamental period of the building is 
known (see para 10-4c(l)), but the period of the 
equipment is not known, A p is determined by table 
10-1. 

(3) If building and equipment periods are both 
known, A p may be approximated by the graph in 
figure 10-3. 

/. Use of the Equivalent Static Force Procedure. 
The force F p of formula 10-2 will be applied in the 
same manner as the force F p for rigid equipment in 
chapter 3, paragraph 3-3(G). As an aid to determin- 
ing the A p value, the following examples are given. 



(1) A standard anchorage system is to be de- 
signed for some flexible equipment that will be 
placed in several buildings. In order to have one uni- 
versal anchorage system that will apply to all build- 
ings, use Ap equal to 5.0. 

(2) An anchorage system is to be designed for 
some flexible equipment that will be placed in a 
building with a fundamental period of less than 0l6 
seconds. Because the period of the equipment is not 
given, use table 10-1. Ap — 5.0. 

(3) An anchorage system is to be designed for 
some flexible equipment that will be placed in a 
building with a fundamental period of roughly 1.4 
seconds. Because the period of the equipment is not 
given, use table 10-1. Interpolate between 1.0 
second and 2.0 seconds. Ap - 3.7. 

(4) An anchorage system is to be designed for 
equipment with a period T a equal to 02 second. 

(a) In a building with T « 0.6 second Because 
both the building period and equipment period are 
known, use figure 10-3(a). TJT - 0.2/0.5 - 0.4 and 
Ap-2.7. 

(b) In a building with T « 1.4 seconds. Use 
figure 10-3(b). TJT - 0.2/1.4 - 0.14 < 1.2. Tiros, Ap 
is equal to the value in Table 10- l;Ap» 3.7. 

(5) An anchorage system is to be designed for 
equipment with a period T a equal to 2.0 seconds. 

(a) In a building with T — OS second. Use 
fiffure 10-3(a). TJT » 2.0/0.5 - 4.0; Ap - 1.0. 

(b) In a building with T - 1.4 seconds. Use 
figure 10-3(b). TJT « 2.0/1.4 « 1.4. Interpolate 
bit ween the curves for T — 1.0 seconds and T — 2.0 
Itconds. Ap = 3.0. 

g. Lateral Bracing. Stiffening of the equipment 
supports by lateral bracing may be used to reduce 
the appendage period; thus, possibly reducing the 
design seismic loads. Lateral bracing for compres- 
sion members expressly designed for seismic forces 
will not exceed the slenderness limitation of L/r < 
200 in any direction. L is the unbraced length in 



Table 10-1. Amplification Factor, A p for Flexible or 
Flexibly Mounted Equipment 



Building period t, tec 


Leu 

than 
0.6 


0.76 


1.0 


2.0 


Greater 

than 

S.0 


\ 


6.0 


4.76 


4.0 


3.3 


2.7 



10-4 



•The veluee for Ap are beeed on a modal analysis using the period eetuintee of paragraph 
10-4c, the design magnification factors of paragraph 10-4d, and a fairly standard ree p onee spec- 
trum shape. The values in table 10-1 apply only to regular structures or framing systems (chap 3, 
para 3-3(E». 
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(a) When the fundamental period of the building Is equal or less 
than 0.5 seconds (T < 0.5). 
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(b) When the fundamental period of the building 1s greater than 0.5 
seconds (T > 0.5). (Note: If T./T < 1.2, A. Is equal to value 
obtained from Table 10-1.) a p 



Figure 10- 3. Amplification Factor t A t for Flexible and 
Flexibly Mounted Equipment (Footnote to Table 10-1 appliee) 
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inches in the direction considered and r is the 
corresponding radius of gyration in inches. 

h. Storage Tank Hydrodynamic Effects. Storage 
tanks in which the liquid is rigidly contained need 
not have hydrodynamic effects included in the 
seismic design when using the equivalent static 
force procedure. However, when the sloshing effects 
of the liquid could be detrimental to the function of 
the tank, the hydrodynamic effects will be 
considered. Refer to chapter 11, paragraph 11-4, for 
guidance in utilizing established principles of auid 
mechanics and structural dynamics. 

10-5. Equipment on th# ground. Equipment 
classified as equipment on the ground will be that 
equipment in contact with or buried in the soil; that 
equipment supported by means of a slab, footing, or 
pedestal directly supported by the soil or on piles 
embedded in the soil; or equipment which is 
mounted on a tower, pole, or other similar structure 
that is soil-supported. Such equipment may be clas- 
sified in one of three general categories, depending 
on its size, shape, and dynamic characteristics. The 
general categories are: (a) rigid and rigidly mounted 
equipment; (b) flexible or flexibly mounted 
equipment; and (c) large complex equipment or 
equipment on large or complex supports that are 
classified as structures other than buildings 
(chapter 11). 

a Rigid and Rigidly Mounted. Rigid and rigidly 
mounted equipment located on the ground are de- 
fined in the same manner as equipment considered 
in paragraph 10-3 except that the weight limitation 
need not be considered. The equivalent static lateral 
force is given by the formula 

F p -ZI(2/3Cp)W p (10-3) 

as prescribed by chapter 3, paragraph 3-3(G). Cp is 
prescribed in table 3-4. The two-thirds reduction 
factor applies for equipment and machinery sup- 
ported at ground level that is rigid and is rigidly 
attached (table 3-4, footnote 1). 

6. Flexible or Flexibly Mounted. Flexible or 
flexibly mounted equipment located on the ground 
responds to seismic motion in a similar manner that 
a structure responds to seismic motion. Such equip- 
ment is generally not subjected to the additional 
magnification factors of similar equipment located 
in the elevated stories of buildings. Equipment con- 
sidered in this paragraph is limited to that which 
can be approximated by a single degree-of -freedom 
system (para 10-4o). The equivalent static lateral 
force is given by the formula 



F p -ZI(2CS)W p 



(10-4) 



lo-e 



or by Formula 10-3 in paragraph a, above, 
whichever is larger. C and S will be determined as 
prescribed in chapter 3, paragraph 3-3, except that 
the equipment period T* (para 10-46) will be used in 
lieu of the building period T. When the periods are 
unknown, (2 CS) will be equal to the maximum value 

of 0.28. 

* 

c Equipment Classified as Structures Other 
Than Buildings, For large or complex equipment, or 
when equipment is supported by a large or complex 
structure, the equipment and support system are 
classified as structures other than buildings and 
their seismic design is governed by the provisions in 
chapter 11, Structures Other Than Buildings. 
Example of equipment that are classified in this 
category are large pole mounted transformers 
(Design Example F-2), a missile tracking device 
situated on a truss tower (Design Example F-3) and 
large stacks or chimneys supported on the ground. 
The equivalent static lateral force criteria is given 
by formula 3-1 in chapter 3, paragraph 3-3(D). 

F p «V-ZIKC8W (8-1) 

where K is equal to 2.0 or 2.5 as prescribed in table 
3-3 and in chapter 11. Distribution of lateral forces 
will be in accordance with chapter 3, paragraph 
3-3(E). For systems with uniform mass distribu- 
tion, such as stacks and chimneys, refer to 
paragraph 10-8 for distribution of lateral forces. 

10-6. Lighting fixtures In buildings. In addi- 
tion to the requirements of the preceding para- 
graphs, lighting fixtures and supports will conform 
to the Standards for Safety UL-57 and require- 
ments given hereinafter. 

a Materials and Construction. 

(1) Fixture supports will employ materials 
which are suitable for the purpose. Cast metal parts, 
other than those of malleable iron, and cast or rolled 
threads will be subject to special investigation to as- 
sure structural adequacy. 

(2) Loop and hook or swivel hanger assemblies 
for pendent fixtures shall be fitted with a restrain- 
ing device to hold the stem in the support position 
during earthquake motions. Pendent supported 
fluorescent fixtures shall also be provided with a 
flexible hanger device at the attachment to the fix- 
ture channel to preclude breaking of the support. 
Tlie motion of swivels or hinged joints shall not 
cause sharp bends in conductors or damage to insu- 
lation. 

(3) Each recessed fluorescent individual or 
continuous row of fixtures shall be supported by a 
seismic resistant suspended ceiling support system 
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and shall be fastened thereto at each corner of the 
fixture; or shall be provided with fixture support 
wires attached to the building structural members 
using two wires for individual fixtures and one wire 
per unit of continuous row fixtures. These support 
wires (minimum No. 12 ga. wire) will be capable of 
supporting four times the support load. 

(4) A supporting assembly which is intended to 
be mounted on an outlet box will be designed to ac- 
commodate mounting features on four-inch boxes, 
three-inch plaster rings, and fixture studs. 

(5) Each surface mounted fluorescent individ- 
ual or continuous row of fixtures shall be attached 
to a seismic resistant ceiling support system. 
Fixture support devices for attaching to suspended 
ceilings shall be a locking type scissor clamp or a full 
loop band which will securely attach to the ceiling 
support. Fixtures attached to underside of a 
structural slab shall be properly anchored to the 
slab at each corner of the fixture. 

(6) Each wall mounted emergency light unit 
shall be secured in a manner to hold the unit in place 
during a seismic disturbance. 

6. Tests. In lieu of the requirements for equip- 
ment supports given in paragraph 10-4, lighting 
fixtures and the complete fixture supporting 
assembly may be accepted by passing shaking table 
tests approved by the using agency. Such tests will 
be conducted by an approved and independent 
testing laboratory, and the results of such test will 
specifically state whether or not the lighting fixture 
supports satisfy the requirements of the approved 
tests. Suspension systems for light fixtures, as 
installed, that are free to swing a minimum of 45° 
from the vertical in all directions and will withstand, 
without failure, a force of not less than four times 
the weight it is intended to support will be 
acceptable. 

10-7. Piping In buildings. Pipes are categorized 
as either (a) pipes related to fire protection, (b) pipes 
not requiring seismic restraints, or (c) service pipes 
not related to fire protection. 

a Fire Protection Systems. All water pipes for 
fire protection systems will be designed under the 
provisions of the current issue of the "Standard for 
the Installation of Sprinkler Systems" of the Na- 
tional Fire Protection Association (NFPA No. 13). 

(1) Justification. Pipes designed under NFPA 
No. 13 have performed satisfactorily during earth- 
quakes. To avoid possible conflict in some areas 
with the NFPA recommendations, the criteria es- 
tablished in the following paragraphs will not be 
made applicable to piping expressly d e signe d for 
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fire protection. Designers of fire protection systems 
will thus obtain a more unified approach to seismic 
design; one which will be consistent with all NFPA 
requirements. 

6. Pipes and Ducts That Do Not Require Special 
Seismic Restraints. Seismic restraints may be omit- 
ted from the following installations: (Exception: For 
essential facilities, critical piping will be designed in 
accordance with para c.) 

(1) Gas piping less than 1-inch inside diameter. 

(2) Piping in boiler and mechanical equipment 
rooms less than 1-1/4 inches inside diameter. 

(3) All other piping less than 2-1/2 inches inside 
diameter. 

(4) All electrical conduit less than 2-1/2 inches 
inside diameter. 

(5) All rectangular air handling ducts less than 
6 square feet in cross sectional area. 

(6) All round air handling ducts less than 28 
inches in diameter. 

(7) All piping suspended by individual hangers 
12 inches or less in length from the top of pipe to the 
bottom of the support for the hanger. 

(8) All ducts suspended by hangers 12 inches or 
less in length from the top of the duct to the bottom 
of the support for the hanger. 

c Pipes Not Related to Fire Protection. Piping 
not governed by paragraph a. or b. above will be 
designed in accordance with the applicable following 
provisions. 

(1) General The provisions of this paragraph 
apply to the following: 

(a) Risers. All risers and riser conn ec tions. 
See paragraph 10-7c(2) for design provisions and 
design example figure 9, Water Risers. 

fb) Horizontal pipe. All horizontal pipes and 
attached valves. For the seismic analysis of 
horizontal pipes, the equivalent static force will be 
considered to act concurrently with the full dead 
load of the pipe, including contents. 

(c) Connections. All connections and brackets 
for pipe will be designed to resist concurrent dead 
and equivalent static forces. Hie seismic forces will 
be determined from the appropriate provisions be* 
low. Supports will be provided at all pipe joints 
unless continuity is maintained. See figure 10-8 for 
acceptable sway bracing details. 

(df Flexible couplings and expansion joints. 
Flexible couplings will be provided at the bottoms of 
risers for pipes larger than 3-1/2 inches in diameter. 
Flexible couplings and expansion joints will be 
braced laterally unless such lateral bracing will in- 
terfere with the action of the flexible coupling or 
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expansion joint. See figure 10-9 for typical details 
of pipe entrance to buildings. See figures 12-4 and 
12-7 (chap 12, Utility Systems) for some typical 
flexible couplings. 

(e) Spreaders. Spreaders will be provided at 
appropriate intervals to separate adjacent pipe lines 
unless the pipe spans and the clear distance between 
pipes are sufficient to prevent contact between the 
pipes during an earthquake. 

(2) Rigid and rigidly attached piping systems. 
Rigid and rigidly attached pipes will be designed in 
accordance with paragraph 10-3. The equivalent 
static lateral force is given by the formula (3-8) in 
chapter 3, paragraph 3-3(G), 

F p -ZICpW p (3-8) 

where Cp is equal to 0.30, and W p is the weight of 
the pipes, the contents of the pipes, and attach- 
ments. The forces will be distributed in proportion 
to the weight of the pipes, contents, and attach- 
ments. A piping system is assumed rigid if the 
maximum period of vibration is 0.05 second (for 
pipes that are not rigid see para (3) below). Figures 
10-4, 10-5, and 10-6, which are based on water- 
filled pipes with periods equal to 0.05 second, are to 
<be used to determine the allowable span-diameter 
relationship for Zones 1, 2, 3, and 4 for standard 
(40S) pipe; extra strong (80S) pipe; Types K, L, and 
M copper tubing; and 85 red brass or SPS copper 
pipe. 

(3) Flexible piping systems. Piping systems 
that are not in accordance with the rigidity require* 
ments of paragraph 10-7c(2) (i.e., period less than 
0.05 seconds) will be considered to be flexible (i.e., 
period greater than 0.05 seconds). Flexible piping 
systems will be designed for seismic forces with con- 
sideration given to both the dynamic properties of 
the piping system and the building or structure in 
which it is placed. In lieu of a more detailed analysis, 
the equivalent static lateral force is given by for- 
mula 10-2 of paragraph 10-4e, 



r p "ZI Ap Vp Wp 



(10-2) 



where Ap « 5.0, Cp « 0.30. and W p is the weight of 
the pipes, the contents of the pipes, and attach- 
ments. The forces will be distributed in proportion 
to the wpight of the pipes, contents, and attach- 
ments. Figure 10-7 may be used to determine maxi- 
mum spans between lateral supports for flexible 
piping systems. The values are based on Zone 4 
water-filled pipes with no attachments. If the 
weight of the attachments is greater than 10 percent 
of the weight of the pipe, the attachments will be 
separately braced or substantiating calculations are 
required. Temperature stresses have not been con- 

10-10 



sidered in figure 10-7. If 
appreciable, substantiating calculations an re- 
quired. 

(a) Use of Figure 10-7. Tlie maximum spans 
and design forces were developed f or Z I Ap Cp ■ 
1.50. For lower Z I A« CL valuee the spans and 
forces may be adjusted by the values in table 10-2. 

Tabk 10-2. biultipUoation Pastors 

far Figure 10-7, in Seismic Zones 1,2, and 3 

or Whin ZIA,C, Not Equal to 1.5 



Zoot 



L 
(fast) 



LI 

1.26 

1.S6 



CKS 
0.5 
0.3 



ZI 



& 



IM 
0.56 
0.28 



(b) Separation between pipes. Separation will 
be a minimum of four times the calculated maxi- 
mum displacement due to F p , but not less than 4 
inches dear between parallel pipes, unless spreaders 
are provided (para 10-7c(lMs)). 

M Clearance from walls or rigid elements will 
be a minimum of three times the calculated displace- 
ment due to F p , but not less than 3 inchee clear from 
rigid elements. 

(4) Alternative method for flexible piping sys- 
tems. If the provisions in the above paragraphs 
appear to be too severe for an economical design, al- 
ternative methods based on the rationale described 
in paragraph 10-4, Flexible and Flexibly Mounted 
Equipment, and paragraph 10-8, Staehs in 
Buildings, may be applied to flexible piping qrs» 



10-8. Stocks. Stacks are actually beams with 
distributed mass and, as such, cannot be approxi- 
mated accurately by single-mass systems. The 
design criteria pr eee nte d herein apply to either can- 
tilever or singly-guyed stacks. All stacks designed 
under the provisions of this paragraph must have a 
constant moment of inertia or must be approxi- 
mated as having a constant moment of inertia. 
Stacks having a slightly varying moment of inertia 
will be treated as having a uniform moment of 
inertia with a value equal to the average moment of 
inertia. 

a. Stacks on Buildings. Stacks that extend more 
than 15 feet above a rigid attachment to the 
building will be designed according to the criteria 
prescribed below. Stacks that extend less than 15 
feet will be designed for the forces preecribed in 
chapter 8, paragraph 8-8(0), table 8-4, with Cp - 
0.80. 

(1) Cantilever staehs 
(a) The fundamental period of the stack will 
be determined from the period coefficient (Le«, C ■ 
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Figure 10-S. Maximum Span for Rigid Pipe Fixed-Pinned 
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Figure 10-6. Maximum Span for Rigid Pipe Fixed-Fixed 
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Diameter 


Std. Wgt. Steel 
Pipe - 40S 


Ex. Strong Steel 
Pipe - 80S 


Copper Tube 
Type L 


(1n.) 


L*(ft) 


F+(lbs) 


L*(ft) 


Ft(lbs) 


L*(ft) 


F+(lbs) 


1 


22 


70 


22 


80 


11 


17 


1-1/2 


25 


140 


26 


180 


12 


35 


2 


29 


220 


30 


290 


14 


70 


2-1/2 


32 


380 


33 


460 


15 


110 


3 


34 


550 


35 


710 


17 


150 


3-1/2 


36 


730 


38 


930 


18 


220 


4 


39 


960 


40 


1,200 


- 19 


300 


5 


41 


1,440 


44 


1,900 


20 


470 


6 


45 


2,120 


46 


2,750 


22 


730 


8 


49 


3,740 


54 


5,150 


26 


1,550 


10 


54 


6,080 


59 


7,670 


28 


2,620 


12 


58 


8,560 


61 


10,350 


31 


3,950 



♦Maximum spans (L) between lateral supports of flexible piping are based 
on the resultant of an assumed loading of 1.5 w (ZIApCp « 1.5) 1n the 
horizontal direction and 1.0 w (gravity) 1n the vertical direction. The 
resultant 1s 1.8 w. ss _ 



f 



R*L6 



The assumed maximum stress 1s 20,000 p.s.1. for steel and 7,000 p.s.1. 
for copper. Simple spans (pinned-plnned) are assumed. The calculated 
maximum lateral displacements are 3.5 Inches for steel (E « 29 x 10 6 p.s.1.) 
and 0.6 Inch for copper (E » 15 x 10 6 p.s.1.). 

+The horizontal force (F) on the brace Is based on 1.5 w L for the maximum 
span. For shorter spans, F design - U des1gr /L)F. 



Figure 10-7. Maximum Span for Flexible Pipes in Seiemia Zone 4 
(See Table 10-2 for Other Seiemia Zones) 
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0.0909) provided on figure 10-10 unless actually 
computed. 

(b) The equivalent static force will be dis- 
tributed as an inverted triangle per unit length as 
shown on figure 10-11. * 

M The static force per unit length at the top 
of the stack will be determined from the following: 

f - 1.6ZIApCpW (10-5) 



Z end I ere defined in chapter 3 

Cp - 0.30 for rigid atacks in Table 3-4 

Ap - Amplification factor for coefficient Cp, determined 

in accordance with paragraph 10-4e 
w - Weight per unit length of stack 

In no case will the product of ApCp be less than 0.8. 

(d) If T a is greater than 0.7 second, an addi- 
tional concentrated force Ft will be applied to the 
top of the stack. Ft will be determined by Formula 
3-6, where T* is used in lieu of T and V is the sum of 
the static forces in paragraph (b). The product of 
0.07T need not exceed 0.25. 



P t - 0.07TV 

- 0.07T.IU 0.261 f 



(3-6) 



(2) Guyed Stacks. The analysis of a guyed stack 
depends on the relative rigidities of the cantilever 
resistance and the guy wire support systems. If the 
wires are very flexible, the stack will respond in the 
manner of the fundamental mode of vibration of a 
cantilever (para (1) above). If the wires are very 
rigid, the stack will respond in a manner similar to 
the higher modes of vibration of a cantilever with 
periods and mode shapes similar to those shown in 
figure 10-10. The fundamental period of vibration of 
the guyed system will be somewhere between the 
values for the fundamental and the appropriate 
higher mode of a similar cantilever stack. An illus- 
tration for a single-guyed stack is shown in figure 
10-12. The design of guyed stacks is beyond the 
scope of this manual. 

6. Stacks on the Ground. For stacks where the 
stack foundations are in contact with the ground 
and the stack is not supported by the building, for- 
mula 10-6 will be used in lieu of formula 10-5. 

f - 1.6ZI(2CS)w (10-6) 

where C and S are defined in chapter 3. Jhe product 
of 2 CS will not be less than 0.20. In the loading dia- 
gram of figure 10-11, 2 CS will be substituted for 
the coefficients A p Cp. If the period of the stack is 
greater than 0.7 seconds, the additional concen- 
trated force Ft will be applied in accordance with 
paragraph 10-8a(l)(d). 

c Anchor Bolts. Anchor bolts for moment- 
resisting stack bases should be as long as possible. 
A great deal more strain energy can be absorbed 
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with long anchor bolts than with short ones. Tlie ues 
of these long anchor bolts has been demonstrated to 
give stacks better earthquake performance. In some 
cases, a pipe sleeve is used in the upper portion of 
the anchor bolt to assure a length of unbonded bolt 
for strain energy absorption. When this type of de- 
tail is used, provisions will be made for shear trans- 
fer (e.g., shear keys, etc.). The use of two nuts on 
anchor bolts is also recommended to provide an ad- 
ditional factor of safety. 

10-9. Bridge) cranes ond monorails. In addi- 
tion to the normal horizontal loads prescribed by the 
various other applicable government criteria, the de- 
sign of bridge cranes and monorails will also include 
an investigation of lateral seismic force as set forth 
in this paragraph. 

a Equivalent Static Force. A lateral force equal 
to Z Cp times the v\ eight of the bridge crane or 
monorail will be statically applied at the center of 
gravity of the equipment. This equivalent static 
force will be considered to be applied in any direc- 
tion. Cp will be equal to 0.60. 

6. Weight of Equipment The weight of such 
equipment need not include any live load, and the 
equivalent static force so computed will be assumed 
to act nonconcurrently with other prescribed non- 
seismic horizontal forces when considering the 
design of the crane and monorails. When consid- 
ering the design of the building, the weight of 
equipment will be included with the weight of the 
building. 

10-10. EUvotors. Power-cable driven elevators 
and hydraulic elevators with lifts over 5 feet will be 
designed for lateral forces set forth in this chapter. 

a. Elements of the Elevator Support System. All 
elements that are part of the elevator support 
system, such as the car and counterweight frames, 
guides, guide rails, supporting brackets and 
framing, driving machinery, operating devices, and 
control equipment, will be investigated for the 
prescribed lateral seismic forces. See figure 10-13. 

6. Equivalent Static Forces. The lateral seismic 
forces will conform to the applicable provisions of 
paragraphs 10-3 and 10-4 and chapter 3, paragraph 
3-3(G). 

(1) The car and counterweight frames, roller 
guide assembly, retainer plates, guide rails, and sup- 
porting brackets and framing will be designed for Cp 
= 0.30 in Formula 3-8 



F p -ZICpWp 



(8-8) 



where W D for the elevator cars is the weight of the 
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Figure 10-13. Elevator details 
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car plus 0.4 times its rated load. The lateral forces 
acting on the guide rails will be assumed to be dis- 
tributed 1/3 to the top guide rollers and 2/3 to the 
bottom guide rollers of elevator cars and counter- 
weights. The elevator car and/or counterweight will 
be assumed to be located at its most adverse posi- 
tion in relation to the guide rails and support 
brackets. Horizontal deflections of guide rails will 
not exceed 1/2 inch between supports and horizontal 
deflections of the brackets will not exceed 1/4 inch. 

(a) In Seismic Zones 3 and 4 V a retainer plate 
(auxiliary guide plate) will be provided at top and 
bottom of both car and counterweight. The clear- 
ances between the machined faces of the rail and the 
retainer plate shall not be more than 3/16 inch and 
the engagement of the rail shall not be less than the 
dimension of the machined side face of the rail. 
When a car safety device attached to the lower 



membersof the car frame comply with the lateral re- 
straint requirements, a retainer plate is not required 
for the bottom of the car. 

(b) In Seismic Zones 3 and 4 V the maximum 
spacing of the counterweight rail tie brackets tied to 
the building structure shall not exceed 16 feet. An 
intermediate spreader bracket, not required to be 
tied to the building structure, shall be provided for 
tie brackets spaced greater than 10 feet and two 
intermediate spreader brackets are required for tie 
brackets greater than 14 feet. 

(2) Machinery and equipment will be designed 
for CL = 0.30 in Formula 3-8 when rigid and rigidly 
attached. Flexible or flexibly mounted equipment 
will be designed in accordance with paragraph 10-4. 
10-1 1 Typlcol details for securing equipment. See fig- 
ures 10-14 and 10-16 for examples of seismic re- 
straints for equipment. 
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CHAPTER 11 
STRUaURES OTHER THAN BUILDINGS 



11-1. Purpose and .scop*. This chapter pre- 
scribes the seismic design criteria for structures 
other than buildings (e.g., chap 3, table 3-3, 
categories 7 and 8). This includes structures, inde- 
pendent of buildings, that are located on the ground. 
Refer to chapter 10, Mechanical and Electrical Ele- 
ments, for seismic design criteria for equipment. In 
some cases, equipment qualifies under this chapter 
(chap 10, para 10-5c). For stacks on the ground refer 
to chapter 10, paragraph 10-8b. 

11*2. General requirements. Structures other 
than buildings are designed in accordance with 
chapter 3, paragraph 3-3D, formula 3-1 

V-ZIKCSW (3-1) 

where K is equal to 2.5 for certain elevated tanks 
and inverted pendulums (category 7, table 3-3) and 
K is equal to 2.0 for other structures (category 8, 
table 3-3). Structures that have uniformly distrib- 
uted mass may have the lateral force distributed in 
a manner similar to cantilever stacks (see chap 10, 
para 10-86 and fig 10-11). Structures that can be 
approximated by lumped mass systems will have 
the lateral force distributed in a manner similar to 
buildings (chap 3, para 3-3(E)). Single degree of free- 
dom systems will have the lateral force applied at 
the center of gravity of the mass of the structure. 

11-3. Elevated tanks and other Inverted 
pendulum structures. Structures that represent 
inverted pendulums, such as an elevated tank sup- 
ported by a tower structure that is light in weight 
relative to the tank and contents, will use the basic 
formula V * ZIKCSW with the value of K equal to 
2.5. The minimum value of KC is 0.12. The value for 
W will include the effective weight of the contents. 
The accidental torsion will be computed as for build- 
ings. Stresses will be computed for the earthquake 
forces in any horizontal direction. 

& Elevated Tanks on Cross-Braced Columns. 
Foundation piers shall be interconnected by steel or 
reinforced concrete struts. When supported by piles 
or caissons, diagonal struts will also be required. 
For most four-legged tanks, uplift and column de- 
sign is critical when the horizontal force is applied at 
46 • to the major axes (see chap 4, para 4-4cUMb)). 
Example G-l in appendix O illustrates the method 
of obtaining the seismic forces on a four-legged 
water tank, including a method for computing the 
period of vibration required to determine the values 
for the C and S coefficients. 



6. Hydrodynamic Effects. In general, W will in- 
clude the total weight of the contents of an elevated 
tank. However, properly substantiated procedures 
that account for the reduction of the effective 
weight of the liquid due to sloshing may be used. 
Such procedures usually result in a mathematical 
model that represents a two-degree-of-freedom sys- 
tem consisting of an effective rigid mass of liquid 
and an effective sloshing mass of liquid. The proce- 
dure is similar to that used for vertical tanks on the 
ground (para 11-4) and some of the technical publi- 
cations referenced in paragraph 11-4 are applica- 
ble.* In addition to designing the tower to resist the 
equivalent static* seismic forces, the effects of the 
sloshing liquid on the interior of the tank will be 
considered. 

c. Elevated Tanks, Pedestal Types. Pedestal type 
elevated water tanks will not be permitted is Seis- 
mic Zone Nos. 3 and 4. In Seismic Zone Nos. 1 and 2, 
K will be equal to 3.0. 

11-4. Vertical tanks (on ground). The basic 
formula V - ZIKCSW will be used for tanks in 
which the liquid is rigidly contained (i.e., sloshing 
prevented), for tanks holding highly viscous materi- 
als, and for pressure tanks. The value of K is equal 
to 2.0 (chap 3, table 3-3), W is the weight plus con- 
tents, and for calculating C and S the period T will 
be assumed less than 0.3 seconds unless substan- 
tiated to be longer (i.e., CS « 0.133 to 0.140 per 
table 4-3 in chap 4). For tanks where the liquid is 
not rigidly contained, the hydrodynamic effects of 
the sloshing liquid may be considered in order to re- 
duce the effective mass and determine the effective 
centroid of the liquid. 

& Hydrodynamic Effects. During an earthquake 
there is a complex redistribution of pressures in a 
tank. The design procedure for considering these 
hydrodynamic effects is based on a simplified pro- 
cedure described qnd modified in several technical 
publications. 1 " 7 ** The effective force distribution is 
illustrated in figure 11-1. The liquid is divided into a 
constrained portion and an in-motion portion. (If h is 
less than 1.5R there is no contrained liquid.) Part of 
the in-motion liquid, combined with the constrained 
liquid, forms the effective mass of the impulsive 
force Pi (Pi + Pa * Pi). The remaining portion of 




1 • 41b psrtgrapk 11-*. 
Nets* tepsragrapa 11-8. 
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Figure 11-1. Effective Liquid Force Dietribution 
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in-motion liquid forms the mass for the convective 
force Pc. Pi and Pc are the resultant forces of the 
horiaootal preseurea on the aidee of the tank. Pi rep- 
reetnts the force of the effective mass of liquid that 
moves rigidly with the. tank and Pc repr es e nts the 
force of the effective mass of the sloshing liquid In 
addition to Pi and Pc# there is a vertical couple, Mb. 
acting on the bottom of the tank due to the unbal- 
anced vertical pressures (Pb). Bending and overturn- 
ing moments are determined by multiplying Pi and 
Pc by the effective heights hi and he, respectively. 
In order to include the effects of Mb below the tank 
base, modified effective heights h'i and h' c are 
given. 

il) Rigid body fore** The rigid body forcee(flg 
ll-2a) include the seismic forces due to the impul- 
sive liquid, the walla of the tank and the roof. The 
term rigid body is used to denote the impulsive li- 
quid moving rigidly with the tank. Actually, the 
tank does have some flexibility depending on the 
size and shape. For calculating C and S it will be as- 
sumed that the period of the tank and contents is 
less than 0.3 second unless substantiated to be 
longer. 

(at The total horizontal rigid body force, Vrb. 
will be determined by formula 11-1, 



v w -z I K c 3 (W r + w w + Wi> 



Ui-i) 



where Z and I are prescribed in chapter 3 9 K equals 
2.0, and CS equals 0.14 unless a lower value is sub- 
stantiated. W r is the weight of the roof (if any) 9 W w 
is the weight of the tank walls, and Wi is the weight 
of the impulsive liquid. Wi is determined from the 
effective weight ratio, Wi/W, in figure 11-3 or table 
11-1, where W is the total weight of the liquid 

(b) The moments at the base of the tank are 
determined by formula 1 1-2, 



If jta-Z I K C 8 [W^* WJW+ WihJ 



(ll-» 



where hr is the height of the roof, h w is the height to 
the center of maaa of the tank walls, and hi is the ef- 
fective height of the impulsive liquid hi is deter- 
mined from the effective height ratio, hi/h, in figure 
11-3 or table 11-2, where h is the height of the 
water level (at rest). To calculate stresses in the tank 
wall, where Mb is not effective, use hi. Below the 
tank beee, where Mb is effective, use hi. 

(2) Sloshing liquid forces (Figure U-2b). 
(a) The sloshing liquid forces Vsl are equal to 
the convective force, Pc, and will be determined by 
formula 11-3, 

Vsl-ZIKCSWc Ul-3) 
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where Z, I, and K are the same aa used in formula 
10-1. C and S are dependent on the sloshing period 
T (para (b) below) and the site period T 8 (refer to 
chap 3). We, the weight of the convective liquid, is 
determined from the effective weight ratio, Wc/W, 
in figure 11-3 or table 11-1, where W is the total 
weight of the liquid 

(bf The sloshing period is determined by 
formula 11-4, 

T-kfvir Ul-4) 

where tor is determined from figure 11-4 or table 
11-3. 

M The momenta at the base of the tank are 
determined by formula 1 1-5, 

IfsL-ZIKCSWche (11-5) 

where he is the effective height of the convective li- 
quid he is determined from the effective height 
ratio, hc/h, in figure 11-3 or table 11-2, where h is 
the height of the water level (at rest). To calculate 
stresses in the tank wall, where Mb is not effective, 
use he* Below the tank base, where Mb is effective, 
use h' c . 

(d) The maximum design height of the slosh- 
ing wave is determined from formula 11-6 for cylin- 
drical tanks 0.7*(ZIKCS)R 

Ul-6> 



(11-7) 



d max-l-kdtZIKCS) 
and from formula 11-7 for rectangular tanks 

O.S33(ZIKC8)R 
4 max-l-k*(ZIKCS> 

where kd is obtained from figure 11-5 or table 11-4. 
R is the radius of a cylindrical tank or one-half the 
plan dimension of a rectangular tank. 

(3) Combining the rigid body forces and the 
sloshing liquid forces. The rigid body forces and the 
sloshing forces will be combined by the square root 
of the sum of the squares aa shown in formulas 11-8 

and 11-9. 

Viotti^Vvfo+vfc/ 



Mtoui-Vfifo+MfcT 



(11-8) 
(11-9) 



This is consistent with modal analysis procedures 
where spectral reeponsee of the predominant modee 
are combined in such a manner. 

(4) Sloshing wave height dma* The value of 
dmaz must be less than the freeboard height (hr-h) 
for the simplified hydrodynamic procedure to be 
valid If dmu is greater than (hr-h), liquid will over- 
flow the top of the tank when there is no roof or will 
be confined by the roof if a roof exists. When there 
are interior elements, such aa baffles or roof sup- 
ports, the effects of sloshing liquid on these ele- 
ments will be considered. 
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Figure ll-2(a). Rigid Body 
Forces (paragraph ll-4a(D) 



Figure 11-2 (b). Sloshing Liquid 
Forces (paragraph U-4a(2)) 
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Figure 11-3 (a). Effective Weight Ratio (See Table 11-1) 
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Figure 11-3 (b) . Effective Height Ratio (See Table 11-2) 
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Table 11-1. Effective Weight Ratio 
(See Figure 11-3 (a) for Plot) 



a 


0.5 


0.75 


1.0 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


5.0 


Wj/W, Impulsive 


0.29 


0.42 


0.54 


0.71 


0.79 


0.83 


0.86 


0.88 


0.89 


0.91 


w c /w, 

convectlve 


Cylindrical 


0.66 


0.53 


0.43 


0.30 


0.23 


0.18 


0.15 


0.13 


0.11 


0.09 


Rectangular 


0.69 


0.58 


0.48 


0.34 


0.26 


0.21 


0.18 


0.15 


0.13 


0.11 



Table 11-2. Effective Height Ratio 
(See Figure ll-3(b) for Plot) 



a 


0.5' 


0.75 


1.0 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


5.0 


hj/h, Impulsive 


0.38 


0.38 


0.38 


0.38 


0.41 


0.42 


0.44 


0.45 


0.45 


0.46 


hj/h, Impulsive 


1.6 


1.0 


0.80 


0.58 


0.51 


0.49 


0.48 


0.48 


0.47 


0.47 


h c /h, 
convectlve 


Cylindrical 


0.53 


0.57 


0.60 


0.68 


0.74 


0.79 


0.82 


0.84 


0.86 


0.89 


Rectangular 


0.53 


0.55 


0.58 


0.65 


0.71 


0.76 


0.79 


0.82 


0.84 


0.87 


h£/h, 
convectlve 


Cylindrical 


1.6 


0.96 


0.79 


0.73 


0.75 


0.79 


0.82 


0.84 


0.86 


0.89 


Rectangular 


2.0 


1.11 


0.86 


0.73 


0.74 


0.77 


0.80 


0.82 


0.84 


0.87 
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Figure 11-4. Period Constant, k„ (See Table 11-3) 
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Table 11-3. Period Constant k„* 
(See Figure 11-4 for Hot) 



a 


0.5 


0.75 


1.0 


1.5 


2.0 


2.5 


3.0 


4.0 


5.0 


kj, cylindrical 


1.4 


1.0 


0.84 


0.67 


0.58 


0.52 


0.47 


0.41 


0.37 


ky, rectangular 


1.5 


1.1 


0.92 


0.73 


0.63 


0.56 


0.51 


0.44 


0.39 



"Sloshing (convectlve motion) Period, T « kji4f, where h 1s the height 
1n feet. 



Table 11-4. Coefficient k d 
(See Figure 11-5 for Plot) 



a 


0.5 


0.75 


1.0 


1.5 


2.0 


2.5 


3.0 


4.0 


5.0 


k d » cylindrical 


1.33 


1.62 


1.75 


1.83 


1.84 


1.84 


1.84 


1.84 


1.84 


k d> rectangular 


1.04 


1.31 


1.45 


1.55 


1.57 


1.58 


1.58 


1.58 


1.58 



n-» 
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6. Design of Tank The critical items of concern in 
the seismic design of the tank are (1) horizontal 
shear at the base, (2) overturning and uplift forces at 
foundations, (3) compression buckling of the tank 
shell, and (4) when tie-downs are used, the resulting 
additional stresses at the attachment of the anchors 
(e.g., possibility of tearing the shell). The stresses 
resulting from the seismic forces will be combined 
with other applicable stresses. Procedures for the 
design of vertical tanks ate beyond the scope of this 
manual. Industry standard?? (at the lime of this 
writing) are developing seismic criteria for supple- 
ments for the general design criteria *~ 10 * (e.g., 
AWWA and API). Procedures used for the design of 
tanks will be substantiated by means of rational 
analysis, tests, or past experience. 

11-5. Horizontal tanks (on ground). The basic 
formula V « ZIKCSW will be used. For this type of 
tank, the value of K will be 2.0. The critical items of 
concern in the seismic design are the stresses in the 
saddles and in the base footing. The soil pressure in 
the transverse direction due to overturning may be 
critical. The resultant of forces must always fall 
within the middle third of the footing pad. 

11-6. Retaining walls. The design of retaining 
walls for seismic forces in Seismic Zone 4 will ues an 
additive seismic factor of 20 percent of the total 
earth pressure forces plus 20 percent of the weight 
of the wall at a point 2/3 the fill height above the 
base of the retaining wall. It is obvious that the 
stresses in the concrete and reinforcing steel will not 
be critical as the increase in stresses or decrease in 
load factor is greater than the increase due to seis- 
mic load. The overturning effect on the footing may 
be critical in some cases. The footing will be sized so 
that there is no theoretical net tension between 
footing and the supporting ground. Refer to chapter 
4, paragraph 4-8, for design of foundations. In 
Seismic Zones 1, 2, and 3, the Z factor will be applied 
to the 20 percent factor used in Seismic Zone 4. 

1 1-7. Burlod structures. Buried tanks and pipes 
of moderate size, or smaller, generally do not require 
special seismic design considerations if applicable 
nonseismic design criteria are satisfied. However, 
tanks, tunnels, pipes, etc., which have large cross- 
sections, or are classified for critical or important 
usage, will require special considerations for seismic 
design that are not included in the scope of this 
manual. In the design of long structures, considera- 



tion will be given to the wave shape resulting from 
the seismic ground motion. Where changes in the 
support system, configuration, or soil condition 
occur, flexible couplings will be provided as dis- 
cussed in chapter 12. 
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CHAPTER 12 
UTILITY SYSTEMS 



12-1. Purpose and scape. This chapter pre- 
scribes the criteria for utility systems and compo- 
nents 5 feet or farther beyond buildings in seismic 
areas. Utility systems have been classified as being 
either above grade or underground Principles, fac- 
tors, and concepts involved in seismic design are il- 
lustrated. These are not mandatory, therefore, other 
equivalent methods or schemes complying with 
applicable agency guide specifications and the in- 
tent of this manual may be used. 

12-2. General requirements. Utility systems 
will be planned and designed in accordance with the 
provisions given in this chapter, except as follows: 

a Systems Above Grade. Utility system compo- 
nents and equipment supports above grade will be 
designed in accordance with the applicable provi- 
sions of chapter 10, Mechanical and Electrical Ele- 



6. Rigorous Analysis. No part of this chapter will 
be construed to prohibit a rigorous analysis of an 
exterior utility system either above or below grade 
by established principles of structural dynamics and 
soil mechanics. Such an analysis must demonstrate 
that the exterior utility system will withstand, 
without disrupting service, the ground accelerations 
induced in the system by a nugor seismic event The 
offset of such an event on the system will be deter- 
mined using either acceleration-time history records 
or equivalent response spectra of msjor seismic 
events such as the May 18, 1940, El Centra earth- 
quake. The actual earthquake record or response 
spectra used, including artificially generated 
spectra, will be ssismologically appropriate to the 
site and may be scaled in amplitude for maximum 
bese acceleration as determined by the earthquake 
history of the area and by the principles of engineer* 
ing seismology. 

12-3. Earthquake considerations far utility 
systems, a. Earthquake-Resistant Facilities. A 
fundamental precept of seismic design is that it is 
virtually impossible to design facilities to resist 
every earthquake. Some damage must always be 
expected. The proper emphasis for good seismic 
design of exterior utility systems should then be on 
the development of earthquake-resistant facilities 
for which measures have been taken to limit damage 
and to provide for expedient restoration of service. 
The two most important parameters in evaluating 



the seismic resistance of utility systems are site ge- 
ology and structural configuration. 

6. Sits Geology. The geology beneath a facility 
exerts considerable influence on the magnitude of 
the surface accelerations experienced during an 
earthquake. Current seismic building codes gener- 
ally recognize this by taking soil type into account 
in seismic design (e.g., S factor in chap 3). The best 
material on which to construct a utility system, 
from a strictly seismic standpoint, is sound rock. 
Unconsolidated sand or soft clay present the 
greatest hazards. Unconsolidated materials, either 
native soil or fill, present hazards of uncontrolled or 
differential settlements. Even when utilities are 
built on good soils, considerable structural difficul- 
ties can develop. The interface between native soil 
and engineered fill can present serious earthquake 
hazards if the fill is improperly compacted or is im- 
properly benched or terraced. Seismically induced 
relative movement of the fill with respect to the na- 
tive material can, through settlement or through 
slippage at the fill-native material interface, shear 
off an underground utility pipe. 

c Structural Configuration. Structurally flexible 
underground systems have better earthquake re- 
sistance than rigid systems. Underground utilities 
can often be dis p laced during an earthquake, despite 
the relatively large-magnitude forces that may be 
required to initiate movement. A flexible system, 
designed to permit some relative movement, will be 
less apt to fail during a major earthquake. Utility 
pipes, rigidly attached to appurtenances, can be 
sheared off by seismically induced differential set- 
tlements between the appurtenance structure and 
the adjoining pipes. Flexibility should be provided 
in utility pipes at entrances and exits to heavy , rigid 
appurtenances, and especially in systems dependent 
upon sound, uncracked pipe and connections for 
satisfactory performance. The same is true for pipes 
passing from native material into engineered fill 
While it is not feasible to design the utility pipe to 
support some portion of the fill, the pipe can be 
made flexible at the interface to thus accommodate 
some relative movement. 

12-4. General planning considerations. The 

considerations presented herein are guidelines for 
the planning of earthquake-resistant facilities. Since 
some damage should always be expected with major 
seismic activity, the considerations given here 
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stress procedures to be followed to lessen the effects 
of seismic activity on utility systems and service. 

a. Municipal-size facilities should be planned and 
designed with due regard for possible seismic 
emergencies; disaster plans and equipment which 
may be required should be anticipated. Examples of 
emergency provisions and policies which may be 
anticipated in the planning stage are as follows: 

(1) Specialized emergency equipment, such as 
mobile flame ionization detectors necessary for the 
detection of gas leaks, should be available. 

(2) Structures that may be used as emergency 
operation centers should be equipped with battery 
or other standby power supply systems for com- 
munication with emergency vehicles by two-way 
radio. 

(3) Provision should be made for the procure- 
ment of gasoline for emergency vehicles. Manually 
operated fuel pumps should be provided for use in 
pumping gasoline in the event of power failure. 

(4) Emergency battery and/or gasoline driven 
generator-powered lights should be provided for use 
in restoring utility service in the event of a power 
failure. 

(5) The engineering staff responsible for the 
utility system should, from time to time, bring the 
emergency seismic disaster plans up to date. 

(6) Seismic disaster plans should include con- 
tingency plans defining procedures for dealing with 
fires, landslides, and possible health hazards result- 
ing from disrupted sanitary facilities. 

6. Individual Facilities. Examples of earthquake 
disaster procedures that may be implemented into 
the design in the planning stage are as follows: 

(1) Persons having responsibility for the super- 
vision and maintenance of critical facilities should 
establish earthquake disaster plans. Such plans will 
be subject to the approval of the utility authority. 

(2) Tlie utility authority should emphasize the 
importance of seismic disaster plans to the super- 
visory personnel of critical facilities such as hospit- 
als. Seismic disaster plans should be em p ha si zed to 
the same extent as fire protection plans. 

(3) Capability should be established in critical 
facilities for water to be supplied from emergency 
reservoirs or wells. 

(4) Personnel should be organized to shut off 
gas service when necessary and instructed not to re- 
store service until advised to do so by the utility 
authority. For essential facilities in seismic zones 3 
and 4, an approved earthquake actuated gas shut off 
valve should be provided. 

(5) Plans showing the locations of utility serv- 



ice lines in buildings should be kept available for 
emergencies. 

12-5. Specific planning considerations. The 

requirements given here are intended to be used in 
the planning of a utility system of either a nugor 
fadlity of municipal size or an individual facility of 
high priority in seismic areas. These re qui rements 
supplement applicable agency manuals. 

a. General Whenever practical, utility piping 
should avoid unstable ground or known earthquake 
faults, should not traverse native soil structures 
having widely varying de gre e s of consolidati o n, and 
should not pass from natural ground to unstable fill 

6. Water. Where possible it is preferable to have 
at least two independent sources of water supply for 
municipal-size facilities in Zones 2, 3, and 4 (refer to 
chap 3, para 3-4 for seismic zone mape). When water 
is furnished by a public utility company, a second- 
ary supply may be provided from onsite wells or 
from an onsite reservoir. When the water source con- 
sists of an onsite well, an additional well should be 
drilled at a point as widely separated as is practical 
from the first well. Decentralization of munidpal- 
size waterworks will provide a more flexible water 
supply network and thus promote a more depend- 
able water supply during a disruptive earthquake. 
Where practicable, onsite water distribution sys- 
tems in Zones 2, 3, and 4 should be laid out in a grid 
ptttern. In the event service is disrupted in one sec- 
tion of the grid, water may be drawn from any of 
■•vend adjacent sections. The grid will be valved to 
permit the isolation of breaks and to facilitate the 
emergency distribution of water (e.g., fig 12-8). 

c. Go*. Provisions will be made such that installa- 
tions normally supplied by public utility systems in 
Cones 2, 3, or 4 to which a gas outage would be criti- 
cal can be supplied by a liquid petroleum gas (LPG) 
standby system. Qas distribution networks in 
Zones 1, 2, 3, and 4 will be valved so thet breaks in 
gas lines may be isolated. 

d Power. Two independent sources of support are 
less likely to be available for electrical distribution 
systems than for water and gas supply systems. For 
Zones 2, 3, and 4, standby power generating facili- 
ties should be maintained for use in. critical areas 
such as essential systems for hospitals, computer 
centers, communication systems, etc, in the event 
of normal power supply disruption. Such standby 
systems may consist of diesel or gasoline engine 
driven electric generators located within the 
building. 
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e. Sanitary Sewers. The design of sewer systems 
for municipal-size facilities located in Zones 2, 3, and 
4 will incorporate provisions to eliminate as much as 
practicable the possibilities of wastewater flooding, 
contamination of groundwater, and contamination 
of open water storage reservoirs, should rupture oc- 
cur to sewers and sewage disposal structures. The 
design of sewage treatment facilities in Zones 2, 3, 
and 4 will consider the possibility of decentralizing 
treatment facilities to minimize possible damage. 
The practicability of decentralization will be 
weighed against increased operating, maintenance, 
and initial costs. In Zones 2, 3, and 4 a means will be 
provided to rapidly empty and bypass sewage 
treatment and sewage pumping plant facilities. 
Should it be impossible to dump raw sewage into 
eme rg e n cy outfalls, some simple method of treating 
the raw sewage should be provided to safeguard 
health and prevent a nuisance. Mobile pumping 
equipment should be available for pumping raw 
sewage into the nearest sewer collector in the event 
of a pumping plant breakdown. 

/. Storm Sewers. More damage to storm sewers 
and storm sewer facilities can be tolerated than for 
sanitary sewers and sewage disposal facilities. 
Cracked or damaged storm sewers in most instances 
present little danger to health or property. In 
certain areas where damage to equipment can result 
from flooding or from infiltration and settlement of 
fill, care in the design of the storm sewer system 
must be taken in order to minimize the possibility of 
cracked or broken pipes. 

g. Miscellaneous Systems. It is not feasible to 
provide secondary distribution systems for central 
steam, motor vehicle fuel, air, and similar utility 
systems, but all planning considerations given 
above, where applicable, will apply to these sys- 
tems. 

12-6. Design considerations. The provisions of 
this paragraph are intended to supplement rather 
than supersede the provisions of the various mili- 
tary design manuals and other applicable govern- 
ment criteria. 

a. Materials and Construction. Specifications for 
materials and construction will be governed by the 
applicable government criteria. 

6. Pipe Flexibility. No section of a pipe in Zones 2, 
3, or 4 will be held fixed while an adjoining section is 
free to move, without provisions being made to re- 
lieve strains resulting from differential movement, 
unless approved calculations show that the pipeline 
can resist the stresses caused by the predicted or 
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estimated pipe movements. Flexibility will be 
provided by the use of flexible joints or couplings 
(e.g., fig 12-1 through 12*7) at the following points: 

(1) Immediately adjacent to both sides of the 
surface separating different types of soil having 
widely differing degrees of consolidation. 

(2) At all points that can be considered to act as 
anchors. 

(3) At all points of abrupt change in direction, 
and at all tees. 

c Water. Buildings housing critical functions, 
such as hospitals, will be provided with two or more 
service lines. The service lines will be connected to 
separate sections of the grid so as to provide contin- 
ued service in the event one section of the grid is 
isolated. Services will be interconnected in the 
building with check valves to prevent backflow. 
Flexible couplings or flexible connections will be 
used between valves and lines for valve installations 
on pipes 3 inches or larger in diameter. In remote 
areas, auxiliary storage would be an acceptable al- 
ternative. 

d. Gas. When secondary or standby gas supply 
systems cannot be justified for a site, gas distribu- 
tion networks for buildings in Zones 2, 3, or 4 hous- 
ing critical functions dependent upon gas will 
include an aboveground valved and capped stub. 
Provision will be made for attachment of a portable, 
commercial-sized gas cylinder system to this stub. 
For essential facilities in seismic zones 3 and 4, an 
earthquake-actuated valve will be provided. Provi- 
sions will be made for the expedient restoration of 
service and for the prevention of pilot light leaks 
when service is restored. If an earthquake- actuated 
shutof f valve presents the possibility of disrupted 
service in buildings where the fire hazard is small, a 
manually operated shutoff valve will be installed. 
The location and operation of such a valve will be 
made known to the supervisory personnel of the 
building. 

e. Power. Individual aboveground components of 
electrical utility systems will be designed for seis- 
mic forces under the provisions of chapter 10. Slack 
will be provided in underground cables whenever 
such cables enter or exit rigid appurtenances. The 
provisions of paragraph 12-66 will not be held appli- 
cable to underground electrical utility conduits. 

/. Storm Sewer Facilities. While it is desirable to 
have flexibility in storm sewer pipe, such flexibility 
cannot, in most instances, be provided without in- 
ordinate cost. The provisions of paragraph 12-66 
will not be held applicable to storm sewer pipes. 
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Every attempt, however, should be made to provide 
flexibility in the connection of storm sewer pipes to 
rigid appurtenances in Zones 2, 3 9 and 4. 

12-7. As-bullt drawings. Complete as-built 
drawings will be required under ail, contracts for new 
work for water and gas line installations. Such 
drawings will show the location of valves and pipe- 
lines referenced to permanent structures and exist- 
ing survey monuments. - 



12-8. Sftlsmlc details. Figures 12-1 through 
12*8 are provided to show acceptable seismic de- 
tails. Some of the plates show examples of good and 
poor seismic details. Other plates merely illustrate 
details that have exhibited good seismic details and 
resistance. Where required by the provisions of this 
chapter, these recommended seismic details or simi- 
lar equivalent details will be incorporated in the util- 
ity design. 
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Figure 12-1. Stimio Detail* 
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Figure 12-2. Seismic Details 
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Figure 12-3, Srtmio Detail* 
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Figure 12-4. Seismic Details 
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Figure 12-5. Seimio Detail* 
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Figure 12-7. Seismic Details 
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APPENDIX A 
STRUCTURAL SYSTEMS 



A-1. Purpose and tcop#. This appendix gives il- 
lustrative examples for designing various types of 
lateral systems. Generally, the calculations deter- 
mine earthquake lateral forces and their distribu- 
tion to the resisting elenients of the buildings. Some 
examples are eeeentially complete, covering frames, 
walls, diaphragms, and foundations. Examples that 
are not complete include references to other appen- 
dices for examples of shear walls, frames, and 
diaphragms. Calculations are not given where ordin- 
arily accepted design procedures are involved, such 
as sizing and detailing members once forces are 
determined 

A-2. Us# of app+ndlx#s. The appendixes are 
purely advisory; they are not intended to place 
super-restrictions on the manual The appendixes 
are not a handbook for the inexperienced designer. 
Neither the manual, nor the manual supplemented 
by the appendixes, can replace good engineering 
judgment in specific situations. Designers are urged 
to study the entire manual 

A-3. C#mm#ntary. a Unless otherwise indi- 
cated, all design examples in this appendix are 
based on Zone 4, where Z ■ 1.00. But the principles 
and methods for determining lateral forces are alike 
for all zones. For instance, lateral forces can be con- 
verted for use in other zones simply by multiplying 
by the value of "Z" required for the applicable zone 
(viz. 3/4 for Zone 3, 3/8 for Zone 2, and 3/16 for Zone 
1). 

6. Examples A-l, A-2, A-3, and A-5 are for the 
same basic building, using (1) bearing walls, (2) con- 
crete frames, (3) steel frames, and (4) frames in 
combination with shear walls (a dual bracing sys- 
tem) respectively. These examples tend to illustrate 
the relationship between architectural features (fen- 
estration and materials of construction) and 
structural design. 

c. A 10-pound-per-square-foot weight is added to 
the roof for the seismic effect of the upper half of the 
top-story partitions. 

d It is assumed that stairs are detailed so as not 
to transmit shears from floor to floor. Also, remov- 
able and special partitions (such as utility room 



walls) will be made flexible or isolated so as not to 
affect the distribution of lateral loads or to act as 
shear walls. 

e. Metal-deck roofs are considered to form flexible 
diaphragms, and roof loads are distributed accord- 
ing to tributary area rather than relative rigidity of 
walls below. 

A-4. Design axomplas. 

Design 

Example Description 

A-l Box System. A two-story building with 
bearing walls in concrete using a series 
of interior, vertical load-carrying col- 
umns and girder bents. 

A-2 Concrete Ductile Moment Resisting 
Space Frame. A three-story building 
with a complete ductile moment resist- 
ing space frame in concrete without 
shear walls. 

A-3 Steel Ductile Moment Resisting Space 
Frame and Steel Braced Frame. A 
three- story building with transverse 
ductile moment resisting frames and 
longitudinal frames with K-bradng. 

A-4 Dual Bracing System. A two-story 
building in concrete with a ductile 
moment resisting space frame and 
with shear walls. 

A-5 Dual Bracing System. A three-story 
building with a ductile moment resist- 
ing space frame in structural steel and 
with shear walls in concrete. 

A-6 Wood Box System. ' A two-story wood 
framed building, using wood floor and 
roof decks, and wood stud walls with 
plywood sheathing. 

A-7 Special Configuration. A one-story 
building with concrete bearing walls on 
three sides and open on one side. 

A-8 LrShaped Building. A three-story 
building with bearing walls in concrete, 
using a series of interior vertical load- 
carrying columns and girder bents. 
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DESIGN EXAMPLE: A-l 



BUILDING WITH A BOX SYSTEM; 



Description of Structure . A two -story administration building with bearing 
vails in concrete, using a series of interior, vertical load-carrying column 
and girder bents • The structural concept is Illustrated on Sheets 3 and 4. 



Exterior Walls : 

Bearing walls In concrete, 
furred with GWB finish 
Partitions : 

Non-structural removable dry- 
wall, except concrete as 
structurally required. 



Construction Outline . 
Roof : 

Built-up, 5-ply. 

Metal decking with 
Insulation board. 

Suspended ceiling. 
2nd Floor : 

Metal decking with concrete fill. 

Asphalt tile. 

Suspended ceiling. 
1st Floor : 

Concrete slab-on- grade. 

Design Concept . Since the structure is without a complete load-carrying 
space frame, the K-f actor is 1.33. The metal deck roof system forms a flex- 
ible diaphragm, therefore the roof loads are distributed to the shear walls 
by tributary area rather than by second story wall stiffnesses. The roof 
diaphragm being flexible will not transmit accidental torsion to the shear 
walls. The metal deck with concrete fill system for the second floor forms 
a rigid diaphragm. The shear walls react to the forces from the diaphragm, 
therefore the relative rigidities of the various walls and the Individual 
piers must be determined. This is necessary so that a logical and consis- 
tent distribution of story shears to each wall and pier can be made. The 
wall analysis utilizes the Design Curve for Masonry and Concrete Shear Walls 
on Figure 6-11. 

Discussion . A 10 psf partition load is included in the seismic roof loading 
but is not included in the vertical design. The stairs are isolated so that 
they will not transmit shears from floor to floor. The walls along Lines 
®©(D & (D act as vertical cantilever beams joined by struts at the 
floor line 8. The overturning moments are distributed to the individual 
piers in proportion to the pier stiffnesses. The end wall along Line (7) 
abuts an existing building, therefore a wall with no openings is provided. 
The spandrels In wall along Line (T) must be designed to transfer vertical 
shears due to shear wall action. 
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THE WALL ELEMENT MUST BE 
GESIGNED TO ACCOMODATE 
THIS RELATIVE MISPLACEMENT. 
IN THIS EXAMPLE PROBLEM, THE 
WALL ELEMENT IS A RELATIVELY 
FLEXIBLE CURTAIN WALL WHICH 
PRESENTS NO PROBLEM. THE 
REFLECTION CACULATIONS HAVE 
BEEN INCLUOEO PRIMARILY TO 
ILLUSTRATE THE PROCEDURE IN 
CASES NHEAE BRITTLE WALLS 
(MASONRY OR CONC.) OCCUR . 
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WALL 

ZnoFL*. 



Example A-l 



44 of 44 



Box System 



^ 



Digitized by 



Google 



TMS-Nt-10 

NAVFACP-365 

AFMtt-3,Chop.l3 



DESIGN EXAMPLE: A-2 
BUILDING WITH A CONCRETE DUCTILE MOMENT-RESISTING SPACE FRAME ; 

Description of Structure * A three-story Administration Building with a 
ductile moment resisting space frame in reinforced concrete without shear 
walls, using non-bearing, non-shear, exterior walls (skin) of flexible in- 
sulated metal panels. The structural concept is illustrated on Sheet 3. 



Exterior Walls : 

Non-bearing, non-shear, 
insulated metal panels. 

Partitions : 

Non-structural removable 
drywall* 



Construction Outline , 
Roof : 

Built-up 5-ply. 
Concrete joists 

and girders. 
Suspended ceiling. 
2nd & 3rd Floors : 
Concrete joists 

and girders. 
Asphalt tile. 
Suspended ceiling. 
1st Floor : 

Concrete slab-on-grade. 

Design Concept . Since the structure is a ductile moment resisting space 
frame with the capacity to resist the total required lateral force, the 
K-f actor is 0.67. Seismic Zone 4. Cone. Frame Type A (Table 3-7). 

Discussion . Inasmuch as the design requirements for concrete ductile 
moment-resisting frames are complex, a detailed design procedure is given on 
p. 2 of the example. 



Loads. 



Roof: 



5-ply roofing 6.0 

1" insulation 1.5 

Cone, frame 115.0 

Ceiling 5.0 

Miscellaneous 3,5 



Dead Load 



131 psf 



Floors : Floor covering 1 

Cone, frame 129 

Partitions 20 

Ceiling 5 

Mech. & Elect. 5 

Miscellaneous 4 



Add for seismic loading: 
Partitions 10 



Live Load 



Materials. 



141 psf 
20 psf 



Dead Load 

Live Load 
Exterior Hall 



164 psf 

50 psf 
4 psf 



Concrete: 
Steel: 



n ■ 



4 ksi 
60,000 pei 



E - 3.6 x 10° psi 
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DESIGN PROCEDURE 




Sheet No. 


Building Systea and Loads 


1-3 


Meaber Slsea 


4 


Building Weights 


5 


Base Sheer 


6 


Story Forces end Overturning 


7 


Reletlve Rigidities of Fraaee 


7 


Distribution of Forces to Freaes 


8 


Freae Analysis 


9, 10 


Design Forces for Beeas 


11, 12 


Longitudinal Beinforceaant 


13 


Transverse Relnforceaent 


14 


Coluaa Porcea 


15 


Slendetness 


16 



Coluaa Porcea 


15 


Slenderness 


16 


Capacity 


17 


Sheer 


18 


Special Traneveree Relnforceaent 


19 - 21 


Beea-Coluan Joint 


22 - 24 


Suaaery of Dealgn 


25 
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DISCUSSION OF MEMBER SIZES 



1. 



2. 



3. 



The example It Intended to Illustrate the procedure for designing a con- 
crete ductile somen t resisting frame. The design work is complex, and 
several trials are required in order to achieve the optimum design. 



The building configuration was arbitrarily made the s 
steel frame of example A-3, 



as that of the 



Frame B will be analyzed in this example and members between grid lines 
1 & 2 will be designed to illustrate the design procedure* 



a. The section of beam & col, sizes is a trial and error procedure. 
Architectural considerations, limitations on dimensions (Fig. 7-2), 
space for bar placement, allowable stresses of concrete and steel, 
etc, can affect the member sizes, 

b. The beam was assumed to be 28" x 30", and the required reinforcing 
and the actual ultimate moment capacity were calculated, 

c. For the min or max Pu and the required M_ (on the basis of column 

Mp _ beam M p ), a suitable column was estimated to be 24" x 24", with 
12 - #10 or 10 - #11, (Note: Biaxial loading must be considered 
for column forces in the transverse direction:) 

4, Results of a frame analysis are given, and the example continues with 
representative beam, column and joint design, using sizes and design 
forces from this analysis. The frame analysis itself is not shown 
since values can be. obtained by computer or by any of the various 
approximate methods. 
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DESIGM FORCES FOR BEAMS - PROCEDURE 

1. Obtain end, We and V'e at face of support. These axe given on 
p. 10 for Frame B. 

2. Calculate and tabulate factored M'e and Vs. 

a. Vertical load only 

1.4D* U7L 

b. Vertical plus maximum Increase due to seismic 

1. 4 (DH+E) when E Is in direction adding to -W 

c. Vertical minus reverse loading due to seismic 

0.9D + 1.4E when E Is in direction giving +M 

Calculate and tabulate max. pos. mom. away from the end. of the beam: 



3. 




max 



max 



+M produces tension on 
the bottom 

+V is upward at the left 
end of the beam 

v 2 
= M + 1J (wL > V > 0) 



4. Select maximum values for design. It is strongly recommended to sketch 
moment diagrams , especially when spans and loads are irregular. 

5. Checkerboard loading may govern, maximum positive moments. 
DESIGN FORCES FOR COLUMNS 

1. Obtain Pj Afj V at face of support. These are given oh p. 10 for Frame B 

2. Calculate and tabulate factored M'e and P 9 8 

a. 1.4 D 

b. 1.4D+ 1.7L 

c. 1.4(D*Wt) for E in direction adding to vert, load 

d. 0.9DH.4E for E in direction opp. to vert, load 
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DESIGN EXAMPLE: A- 3 

BUILDING WITH STEEL MOMENT-RESISTING SPACE FRAMES AND STEEL BRACED FRAMES ; 

Description of Structure . A three-story Administration Building with 
transverse ductile moment-resisting frames and longitudinal braced frames 
in structural steel 9 using non-bearing, non-shear, exterior vails (skin) of 
flexible insulated metal panels. There are a series of interior vertical 
load-carrying column and girder bents in addition to the space frame. The 
structural concept is illustrated on Sheets 2 and 3. 



Construction Outline . 
Roof : 

Built-up 5 ply. 

Metal decking with 
insulation board. 

Suspended celling. 
2nd & 3rd Floors : 

Metal decking with concrete fill. 

Asphalt tile. 

Suspended ceiling. 
1st Floor: 



Exterior Walls : 

Non-bearing, non shear, 
Insulated mstal panels. 



Partitions : 

Non-structural 
dryvall. 



removable 



Concrete slab-on-grade. 

Design Concept . The transverse ductile moment-resisting frames are indepen- 
dent of the longitudinal braced frames. The moment frames are designed to 
K ■ 0.67; the braced frames to K - 1.00. The metal deck roof system forms 
a flexible diaphragm; therefore the roof loads are distributed to the frames 
by tributary area rather than by frame stiffnesses. The metal deck with 
concrete fill system for the floors form rigid diaphragms and the seismic 
loads are proportioned to the frames by the frame stiffnesses. 

Discussion . Because of the importance of drift of flexible frames, the 
example shows several stages of design. Preliminary design to find sixes by 
approximate methods, using different sets of forces for stress and drift. 
The resulting trial sixes are then used in a computer analysis. (The frames 
are simple enough to be calculated by hand, but the computer makes short 
work of calculating design forces, frame period and drift). Final design 
is discussed, and examples are given for modifications to the results of 
the computer analysis for accommodating various stress and deflection cri- 
teria with consistent sets of member sites, period, design force, and drift. 
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DESIGN PROCEDURE 



A. GENERAL INFORMATION 

1. Building Layout 

2. Loads for Diaphragms 



B. TRANSVERSE MOMENT-RESISTING FRAMES 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 



Frame Characteristics 

Building Period 

Lateral Forces 

Distribution of Forces to F: 

Prellalnaxy Design 

Drift Check 

Frame Analysis 

Final Design Criteria 

Meaner Stresses 

Connections 



1 - 3 
5, 6 



7 

7, • 
9 
10, 11 
12-15 

16 
17, 18 

19 
20, 21 
22 - 24 



C. LONGITUDINAL BRACED FRAMES. 



1. Lateral Forces 


25 


2. Vertical Forces In Members 


26 


3. Lateral Forces In Menbers 


27 


4. Member Design 


28, 29 


5. Connections 


30, 31 


6. Deflections 


32, 33 


7. Stiffness 


33 


D. FINAL PROPERTIES 


34 
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tranversb (n-s) direction : 
steel, ductile moment- res/stung frames 
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fsasisle, actual 
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should 65 carefully 
studied, and AGAUsndi 

ASSUMPTIONS SHOULD 



FRAAAE CHARACTERISTICS 

TUB MIDDLE FRAME (LINE +) WILL. CARRY HALF THE 
WEIGHT OF THE BUILDING ACCORDING TO TRIBUTARY 
AREA. THIS FRAME WILL ALSO TAKE HALF OF TUB 
ROOF LATERAL LOAD BECAUSE THE DIAPHRAGM IS 

assumed to &e flekirls. however. All th*ee 

FRAMES WILL /*£ MADE ALIKE SO THAT EACH 
WILL TAKE A THIRD OF THE FLOOR LATERAL LOADS. 

THE DESIGN fiXAMPLi WILL CONSIDER THE MI/SOLE 
FRAME AS IT IS MORE HEAVILY LOADED THAN THE 
END FRAMES* 

fbUILOlNG PERJOD 

FINDING THE FUNDAMENTAL PERIOD OF A &UJLQING 
AIITH ONE OR MORE FLEXIBLE O/APHRAGMS IS A 
COMPLEX PROCEDURE. 

FOR DETERMINING DESIGN LATERAL. FORCES, THE 
FERIOO WILL A* CALCULATED Ar SIMPLE 
METHODS WHICH ASSUME ALL DIAPHRAGMS RIGID* 
THIS IS CONSERVATIVE BECAUSE THE EXTRA 
RIGIDITY RESULTS IM A £ LIGHTLY S*¥*A7&% PEAIOD 
AND SLIGHT L* LARGER DESIGN FORCES. 
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■DHJIBC PERIOD - cont'd 



1* T » 0.2JF. * 0.Z sec (Formula 3-3B) 

2. Alternate method: (Chop. 4 9 Par. 4-3d(3)) 

Generally, low-rise steel moment f ranee have T longer than 0.-1M. A 
reillatlc period may be obtained from the following procedure. 



>re 



a) Upper Boudd : Consider the bare frane governed by drift.* 

The period la approximately I • 211/6/1 9 where 6 n is the roof dc 

flection in inches 9 and o^ la the roof acceleration and Is approxi- 
mately 1.72JC8g. The fernla ' 



0.25 




fm ^ 9 with 6 n In feet and C - — 



Assuming the average drift for the building Is 2/3 the maximum Inter- 
atory drift, which la limited to 0.005, the roof deflection la 



2/3 (O.OOSk^ 9 and the formula above be 

[zisj • 



. h n\ 2/3 
0.11 \-s£\ , with h n in feet. 



and for Z » 2, J » 2.0, 5 
This will be used for drift. 



2.5, fc - 34; T 

ft 



floflfl sag 



b) Limiting Value : Consider the whole building, stiffened by non- 
seismic frames and non-structural partitions. The period may be 
estimated aa 



U4C rK 



3/4 



(Chap. 4, Par. 4-3d(5)) 
M4 



« 1.4 x 0.035 x (34) " = 0.69 eeo 
This will be used for the Initial estimate of forces. 



* This assises that window-wall details are designed to accommodate these 
deflections. Refer to para. 9-3a and 9-4e. 
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DISTRIBUTION OP FORCES TO FRAMES 



Since the roof diaphragm is relatively flexible, the roof forcee axe distrlb- 
uted by tributary area. 

The 2nd and 3rd floor diaphragms distribute the floor forces to the f » 
according to their relative rigidities. 



The transverse frames on lines 1, 4 and 7 are alike, and for preliminary 
design we may take their rigidity proportional to 

<+ — see page 9 
F 1/3(BASE SHEAR) 1/3(143) A9 , w -. 

** - ,>™ - 2/3(0.005) (34>L ' WW 

^*see page 8 



DRIFT 



The longitudinal frames on lines A and C have a rigidity based on prelim- 
taary trials: ^ — p^e 25 

1/2(BASS SHEAR) _ 1/2(250) K - An ..-. 

0.28V12 S36 ° Wf* 

"*■ — prelim calcs (not shown) 



K t 



DRIFT 



Use Rel. X, 



1 and Rel. K M 



5360 
421 



» 12.7, say 13 



Because of symmetry there is no "calculated" torsion. The "accidental" 
torsion is the story force, F, times the nominal eccentricity of 5X of the 
max. building dimension: 



M^ 



Torsional Shear 



F x 0.05 x 192' - 9.6F 

X X 



Kd 



9.6F. 
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DISTRIBUTION OF FORCES - COIS/T. 












FRAME 


REL 
K 


d 


KJ 


Kd* 


oitzecT 

SHEA* 


SHEAR. 


OESI6M 
SMEAR. 


1 

4 

7 


I 
1 
1 


to 

O 
96 


<?6 


42/6 
92/6 


.33 F r 
.33 F T 

,33F r 


±.03t T 
O 

+ .03 F T 


.36 /y 
.33 Fr 
.36 F r 


t"lZ 




A 


13 
/3 


€4 
24 


3/2 
3/2 


74 A A 


.50 \ 
.50 PL 


±.01F L 
+ .09Ft 


.51 FL* 
>*<1FL 




6Z4 






• 


1*53.408 




*tmese will the usea fob. oesiski of rue 

LQNGITUOthJAL FR.AMES.SSe p» 2S. 
OISTR/GUTJOM TO TRAMSVEX&8 FRA/AE2> 


FKAMB 


/ 


4- 


7 


ROOF ( 
50.0 

6/;* 

3/. 6 


AY T/&UTARY A 

AY £«4. RIGIOJ 
X .36 * -22./ 

x .3a » //.3 


no 

^•33 - 20.3 

X.33 » /0,4 


X.36 « 2*./ 

A .36 a //.3 


/43.0* 


45.1* 


55.7* 


45.9* 
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MEMBER. FORCES AY POflT AL MSTHOQ - FHAMB A 









LL-o— - -W0.4 



I 



13. 9 



22,4 



27.<? #«.* 
22.4 



3 

2 



25-0 
20.3 
/0.4 



*-«' j «*•*'-! 



fixreA/oft column, (mom. at 
Acta* ci y " » j*.i**4*o' * ggiS . 

//7»4* 

/A/re*, column (mom. at 

4> attzo) 

AZOV* 6, M-Z2.7/5.50=/*fc<? 

GI&B&L (MOM. AT 4 COL. ) 
At*. «!7* **« ^- - "** 

X eST/M>ir£0 LOCATION OF 
INFLECTION CONStO&*IN+ 
FIXITY OF BASS . 



FRAME FORCCS 



AT UPFBA POIMT OF 

/MFL6CVON, 
M*(Z$.0*FJ3.6) + 
it******') 

= GOI*' 

AMAL * ±Z K = n.s* 
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PRELIMINARY /DESIGN - CONT. 
INTERIOR COLUMN 



FRAME 4 



CL. VERTICAL LOAO ON CENTER FRAME 

ROOF OLZ O.OZZ7*** * S4'*S2' ~ WE* 

3** FLR. OL+LL*(0.O74S+0.0V) **+*&*'- 73.3 
EMOPLR. REQ. LL\/ * 73.3 

6fT SYMMETRY, M~0 
b. SEISMIC LOAO , FROM p. 1*1 
19 *0 
M » *7.***(4.00-&75)*q0.7* AT FACE OF fi*0C* 

C VERTICAL + SEISMIC 
P mIQO * O m IE*O k 
M*0+ «?0.7 « +0.7* 

USB AISC 7™ BOITION, p. 3-& 

TRY *VI4 * &E* 4 ?. 3-I& Ax - 0*I9E 

- 1*6* + 0.196(^0.7 */E"//) x Z6+* 

Hiauiv. m ^55 

**m Li ~ -i #l+**l ALLOCS, 3B4* 
FOR h « 9.9 j-zz+i 

Ejrrejtiojt column 

VERTICAL + SC/SMIC 

F * /C*/t + %t.+ M s SO**!* . td - 

M * *0*'f(EJ+)+ 90<7/t* 15*' i***""- ■ *+* 

WI4*46 ALLOWS Z4t* 
l*4S5 

USE 14* COLUMNS FOR. CONTROL OP 
OEFLCCT/ONS ANO USE THE SAME 
SECTION FULL H*i*MT. 
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PRELIM. DESt&N- CONT. 



FXAAAC 4 



G//?D£/?- ZNO FLOOR 

ve*r/cAc loao at e#vr^ column 

*€Q.Um 0.418*S0 « *lfsr* ( /- 0.919 * O. 4ZS) 

«^ , « (0.074$+0.O*0*3i' m 8*36+O.C>7* 3.0S*// 

Oft 

W , t « 3.05k 34 / « 73. a* 

SSISMIC M m tie. 3 

VCAT.+SS/S/VitC M m 2*9 

use a isc *e*M chart, />.*-*», 7th s# 7 with 

M m *£fwtff*l ANO UNAHACCO L€N*TM OF <#' 



"1%**° ALLOW***! 



(ft* C/Vff COiO RSOUCTION ) 
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PASL/M, OeSIGN- COMT. 



FRAMB 4 




G//?Q£V?- 3AO FLOP* , 

V£*T/CAL LOAO'SAME AS 2AfO y M* /4** 

SMS Ml C j — 625* TO EXT. COL. 

y n *zZrO L_/e5f to int. col. 

3*OK*.^ -•— <oT iCOt.M *(/**!&')& 7*£S) 

r ZOZ*' 

V€/*r. + Se/$MIC s M * 146 + 101 s 147 f 1.33 » /Bfr* 
W/6*SS ALLOW ill 

VERTICAL LOAD 

fiOOr OL + IL' 3l'(0.09t7+O.0Z0)*0.M9+O.*4m/.46 , Yi 

seiSMtc S 

— T tr 0/*0f* * . (Z*£4± z 97.A 

V*/?* * SEISMIC * >M « Jt.¥ * *&« • 77.e f AS* « **.© * 
W/**S« ALLOW *6 Off fio* ST*£SS 

USE W/4h30 ALLOW *'• USE VVAOf* FLANti 
==* fipA AETTEA DETAILS 
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CHECK OR/FT- PRELIMINARY SIZES- FRAME 4 

POR OKIfT t U$e PORCSS ASSOC/ATEO WITH A\AAirFRAM£ 
PSRtOO, T= O.&B S€C, ANO MULTIPLY D/SRCAC£M£KITS 
HY //K CHCCtK ft AST STORY 



INTER STORY REFLECTION 



,c"r 




P./Z 

h = /0.fr7-/.5o' = 9.17' 
I s 641 M 4 






interior column 

- rA m v/i Mh* ££ia*_£ZrL i9./*%r? 

ciA* 3 - 2 3 9 

a 6374~ 4161 « ZZOJhFT* 



A- 2 2Q7* '++ 

Z%0OO kCI+ ~ 



con t FT. 



-4s A . POI?! 
«* A * ^67 



o.oessrz 

ALLOW dTO 0&/PT • 0.006 m II • 00£6' >O.OZSS 



EWOENTLY MffMAMP f/ZES COULQ A\S PiOUC€0 RUT 
THIS W/LC A/OT RE ATTEMPTED UNTIL FINAL 
GES/GN. THE PRELIMINARY SfZ£S W/LL ME i/SSO 
FOR THE PRAMS ANACYS/J. 
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FRAME ANALYSIS — 



COMPUTER INPUT 


T.O.S. — > 








r 


" . , , :.:■ j::T 


.."I "»!« !.i "1 










■*" 










v* 


li.i;l. . i i 


».:.....!..; 




o 


' -jr. 




w-} 




< 


I..M. 


:•■■;. :«2n .:. 
















Z4.& 


" 



FRAME 4 

/c/^Sy /v-rr; S4TCCNOS 

R/G/0 F/TAA4S. 

STSSLt £ * 4,176,000 KSF 

COLUMN SAS£S F/XC&. 



SIZt 

X 

A 

Aw 



EXT. COL. 



WI4*40 
O.OZ34 
0.09 71 
0.0 919 



INT. COL. 



W/4a */ 
0.0301 
O.IZ4 9 
0.03+5 



UVCL 



<5/A &£/* 



S/ZC 



Aw Wot. 



Wit 



71*1% 
W 



MASS 



lATtAAL 
FOM 



/? 

3 
Z 



Wf4*iO 

wia*sc 

WfB*60 



00/40 

0.0410 
0.0476 



0-04/3 

0.IIZS 
0.M1 



OOZtO 
00491 
0.0SZ7 



O.SZ 
Z.3S 
2 33 



0.64 
0.67 
0.67 



/8 7* 

233 

213 



SSI 
7.Z4 
7Z4 



ZS.0 

10. 3 

10- 4 



DATA FAOM PAOS 



14 IS 



St* 



II 



TFlA.lXOOF WT. /$'* OF TOTAL S/HC£ D/AFH. IS Fl£XtAL£ 
TA/3.FZ0OF WT, /S O.SSmTOTAL ACCOfiO/A/4 TO A£L.#/6.0F 
FftAMtS. 3 * 32.2 FT/ SEC? 
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FRAMG ANALYSIS- CONT. fi*AMG 4 



COM/»</Tg* OUTPUT 
8 



** 






S7777 



ST 



SO 
tt 

SO t/S+Q 

MBMMHMBmM 



ft* 

76 
1±- 



oo 
.0 o 



;» 



** 



t^ 






*s 



S7/77 

i/ve LOAD 

&GAD CQ4Q 



/7#7 



^«.S* 



« 






* 



31 



.21 



tn 



//I 



9 









M 



o; 



F K 



-*20.9 



+i0.4 



AbP 



* 1 




*»% 




* 




M 




^ 




I 




■\J 


i 


s 




< 




^ 






> 




9 


v9 


H 




$ 


i 


* 






VT5^ 



9*> 



m$*uo 



** 



* 



Jt!77 



24.6' 






01*7 4 



00 
0,*?4 



oo 



/W 



«4.0' 



^T7$.7* 



O.IOSZ 

<0.0S**> 

0.04S7 
<O.OS75> 

0.0*£2 

t <O.OZ6*> 

/ivre/wro/tyr oca.. 



JGtJMtC 



*i*i*ity: x.^.^feJj.SM^ 
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FINAL DESIGN CRITERIA - FRAME 4 

1. BUILDING PERIOD 

a. For drift use bare frame period of 0.86 sec obtained In a 
computer analysis assuming rigid diaphragms. See p. 34 for 
approximate calculation. 

b. For building design forces use whole building period of 
0.69 sec (p. 8) 

2. DESIGN FORCES AND DEFLECTIONS 

a. Use forces obtained from computer analysis (p. 17 and 18) 
based on T - 0.69 sec base shear of 143 (p. 9) and frame 
shear of 55.7 (p. 11). 

b. Use deflections from this analysis in the drift calculations. 

3. DRIFT (Refer to paragraphs 4-5c(l) and (2) 

a. Use bare-frame T - 0.86 sec (see la above)* 

C » 1/15 SoTW « 0.0719 
CS « 0.0719 x l.S » 0.108 



b. 



ZIKCS - 1 x 1.0 x 0.67 x 0.103 



0.0724 



Base Shear 



0.0724 x 1789 



istr 



Multiply deflections from frame analysis by the ratio 
130/143 « 0.909 ^seepage 18 

Maximum interstory defl. - 0.909 x 0.039S ft 

- 0.0359 ft 

Allowed drift - 0.005 x 11 ft - 0.05S ft 
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fitNAL OeSiSN CONT. F&AM& 4 



(/) JAM/*L* CALCULATION FO*. Z N * FU*. G//Z/>£X, 



• 


Mo 


M L 


Me 


M/S+L 


M 6 + L + i 


Ml 


at axr.cot. 

AT INT. COL. 


7* 

It* 


3(0 
55 


111 

/to 


ttz 

lit 


til 

ztt 



MJ. M s VttK' UN&R.AC60 LeSSTH s fr' 

W/8x&0 ALLOW Ms 2/6 *' A/SQ 1 th SO., /*. Z»*Z 

(Z) JAMPLB CALCULATION FOR, COLUMN > 
SB* N6XT PA&6 . 
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FINAL DESIGN CRITERIA - FRAME 4 

1. BUILDING PERIOD 

a. For drift use bare frame period of 0.86 sec obtained in a 
conputer analysis assuming rigid diaphragms. See p. 34 for 
approximate calculation. 

b. For building design forces use whole building period of 
0.69 sec (p. 8) 

2. DESIGN FORCES AND DEFLECTIONS 

a. Use forces obtained from computer analysis (p. 17 and 18) 
based on T - 0.69 sec base shear of 143 (p. 9) and frame 
shear of 55.7 (p. 11). 

b. Use deflections from this analysis in the drift calculations. 

3. DRIFT (Refer to paragraphs 4-5c(l) and (2) 

a. Use bare-frame T - 0.86 sec (see la above). 

b. C « 1/1S /07W « 0.0719 
CS « 0.0719 x 1.5 - 0.108 



ZIKCS 



1 x 1.0 x 0.67 x 0.103 - 0.0724 



Base Shear » 0.0724 x 1789 - 130 

Multiply deflections from frame analysis by the ratio 
130/145 - 0.909 ,->... peg. 18 

c. Maxlmun lnterstory defl. » 0,909 x 0.0395 ft 



- 0. 0359 ft 



Drift • |xJ) 



0.0359 
0.67 



- 0.054 ft 



Allowed drift - 0.005 x 11 ft - 0.055 ft 
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FINAL DESIGN COST. FtlAMS 4 
MSM/ISA JT/Z6SS6J 

(/) JAMFLS CALCULAT/OH FOR. Z*» FLR. Gt &/>£*. 



• 


M D 


M L 


M* 


M/S+L 


M Qi-L+e 


Ml 


at axr.coc. 

AT INT. COL. 


16 


3(0 
55 


Itl 
tto 


ttz 

lit 


til 
ztt 



OS J. M s ?///<' UNMLACSO LSNSTH s Cm' 

W/BxGO ALLOW M s Zt& k' AtJQ 1™ SO., F. Z»9Z 

(Z) SAMFLS CALCULATION FOR. COLUMN > 
see N&XT FAGS . 
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FINAL OestGN* CONT.- FRAM€4 
M€MA€tl JT/ggJ S€S - COA/7T 

?.) JAM PL* CALCULATION FQ& COLUMNS 
fi/*JT JTOttV AT A AS 6 



^:/,0 (COLUMNS AltS AZACe/> & 

Kr AGAMS) L 

K/c >/.0 </.** NOAAOGXAFH IN * L 

Auc, ir»eo. t p.5-i3i fi 

. 0+L*e 



G A » /,0 ^©* COLUMN -\ 

*/6/OCY ATTACH*!* 70 *7* 






*4 



*<l 



445 
7ao 






WT. 



r «.E7 



•i»| 



IKT. 



O *>cM± 
NI$*6Q^/ 34 

640 . &4* 

-/'•oo_HE # 






«o 



1c 



C*X » ©.*« 



I 

Kt/m 









♦ -=^- « 



f 
4U. SUMMATIONS < 1.0 <§£) 



€XT. 



tN 14x46 



A*t4.t 

%r«7o.2 



60 

as 



M 



16 
6 
36 

n<* 
iz 



5.61 KSI 

IS.l KSI 



1*41 
111" 
S66* 
21.1 

to.o 



1.0 
til 

Lit 
6*. 3 



1*1 

14.0 



.342% 

.655) 

.5.7?/ 

.111 

.93 



1« A-3 



/A/r. 



WI4X6I 



A*n.i 
s*iz.k 



964 
63 

/97 

O 



A1 



O 
O 

o 

/43 
/05 



6X1 KSI 
14.1 MS I 



A39 
//9" 
5.95" 
27.7 



f.o 
til 

2.4 5 
-45.6 



/9* 
34.0 



.*49\ 
.556] 
• 510/ 

.97 
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FINAL Of SIGN • CONT. -F/tAAAB 4 
CONNECTIONS 



JAMPL* CALC FO*. JOINT A 
I. PLASTIC MOM* CAPACITY 

op otursmx.* 

£- * s.+4 < a.s (ok) 







tGNOte SMALL HORIZ. P IN *fHO€/t: 

-4-4 4£- s *a.*7 > 4 *.<*(£*) 



Uk*Z.36«/ t 

ur L » o.*n% 



Mp-iG^K' VA.T.M* M*f76*3fr)* '** 

>**5^ SCISMICM*tf.** 117 zt/SZ 

€. GlZOtK. CONNECTION . 



M » C96/C 



V « Ct.Jd*o.a7)-~- 



2 



OESI6N V : 

KMT L04O I.Ik 34.1 * 44,3 

L Z4 



24' /7/-//« 



Z4 



« 34./ K 



0€J. V - 75./ * 

*otr,r: </j6 4 aoltj •, assums i"+ 

A440-F H.S.AOCTS AK6 SCLeCTSO, 
CONSlOBkVN* FZAMS AS A HHQLG. 
ALLOW V* 4*1.7x1* .71 

s io7< >75.l (ok) 

JHtAk, pl: 
**.3/zs* Oti)% « iz.zin? 

f s 75./** 2"/lZ.2 * JZ.BKSK36 <g) 
7S.I 




K4-I*+N.S. 



*4/JC Ji^C. PAAT Z 
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F/NAL DESIGN CONT. - FtXAtMG 4 
JOt NT A - CONT. 



3. 



SHSAA IN COLUMN WSIh. 

ALLOW V u *0.*S Fyt#d * O t € 5"« 3<>* 0.33?«/3.4/ = 9i.7 k 




H ~3T ;t.c6-- 9s2 

V u s H- V, » *$* - 3d.S 

oou*cefi A /t xsq'o v t < 

(.ok a column with a thick 6 r wfa) 

dou/±l£/* /€: 

RCQ'o t « -fiv?* 0*3* « o.rraP total 

0,33 9 COL.W£A 
US£ 7 f J! li » 0.43 9 POUALe* 

SH£A* TAAN&FCK FO*CC 
LENGTH OF A*AAL OCATH t 5* 

column sr/AASNeA it* 

/ffp'tf A*-lc t Af-t(tki>SK)Jcf 

St * «« 

a {/x7.ff*K.&95-»339(..*95 + 5«Atf£//*fe6t 
A€Q'o t « 2*1/2 * 3^ /M * Q.4S *N US€'l/t 
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FINAL DSS/GA/- COMT. «— FfiAMC 4 

JO/A/T A - COMT. 

ALT£RNAT£ GIRDCfi FLAN&£ CONN€CTION 
USING H.S. AOLTS 



ASSV/Hf POINT Of 
/NFL €C T/OH A T At/OS FAA*» 

L m 24* croc. 

Lg - aO.Ot'TO LAST HOLT 



DEVSLOP PLAfriC MOM€NT 

AT LAST AOLTl Vr f « *** a 36.?* 

MOMCNT AT FAC£ OF COL. = 3<>.1*ZZ.*% z.4zz K * 

SH£A/t ON AOLTS x 4 .f 2 * /2 £273* 

Z/5£/2-/V A490-F MS. 30LTS IN S-S. 
ALLOW /Z* /.7m /S.7/ « J20* <g£ 

A/€r >4 • [&-(Zh/.0<.S)Jk LIS * 7.3S IN Z 
F = -|^| s 3ff.* KSI < SO <fi£) 
CH^CK COLUMN MOMENT: Alp * eas*' 
McoL.*^^A^443 l( . J Vs^.**.** 

C0L.MOM.AT /l€AM FLAN&e 
*4&.<+« *(&5-0.7S')* a*!*' <Z3S <25> 
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DESIGN EXAMPLE: A-4 



BUILDING WITH A DUAL BRACING SYSTEM: 



Description of Structure. A two-story Office Building in Zone 4 with a com- 
plete reinforced concrete vertical load-carrying space frame. The lateral 
forces are resisted by a dual bracing system consisting of concrete ductile 
moment resisting space frames and concrete shear walls. The structural con- 
cept is illustrated on Sheet 2. The East-West direction is considered. 



Construction Outline . 
Roof : 

Built-up 9 5-ply. 

Concrete joists and girders. 

Suspended ceiling. 

2nd & 3rd Floors : 

Concrete joists and girders. 
Asphalt tile. 
Suspended ceiling. 



Exterior Walls : 

Bearing walls in concrete 
and non-bearing 9 non-shear 
insulated metal panels. 

Partitions : 

Non-s t rue tural removable 
drywall, except concrete 
as structurally required. 



1st Floor : 

Concrete slab-on- grade. 

Design Concept . The structure is a dual bracing system meeting the require- 
ments for a K-f actor of 0.80 as follows: (1) the concrete shear walls are 
capable of resisting the total required lateral force; (2) the ductile moment* 
resisting concrete space frame is capable of resisting not less than 25% of 
the total required lateral force; and (3) it is assumed 9 for purposes of the 
example 9 that a rigidity analysis of the walls and frames, considering their 
interaction, would show that they would not be called upon to resist forces 
higher than those obtained under (1) and (2). The roofs and floors form 
rigid diaphragms, and the seismic loads to the frames are proportioned accord* 
ing to their stiffnesses and the loads to the walls according to theirs. The 
building is assumed to be symmetrical about both axes so that only accidental 
torsion is involved. Special boundary conditions are required for the shear 
walls. See Chapter 6, paragraph 6-3a(l)(D). 

Discussion . Vertical and lateral forces are pre-computed. (See Example A-5 
for a typical computation.) The shear walls in the south wall (Line D) are 
designed for the given lateral forces. The seismic frames would be designed 
for 25Z of these forces, using the methods of Example A-2. Deformation com- 
patibility is investigated for the nonseismic frames. 






Materials. 



Concrete f • 

c 



3,000 psi. 



Reinf. Steel f - 60,000 psi. 
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FRAME PROVISIONS 

The two Interior frames (Lines B and C) will be designed as ductile moment 
resisting space frames to carry 25Z of the total required lateral force. 
See Example A-2. This example will deal only with Lines A and D which have 
shear walls that carry 100Z of the lateral force. Deformation compatibil- 
ity (para. 3-3 (J) Id) must be investigated for the vertical load-carrying 
frames on Lines A and D (see p. 11). 

As an alternate, the interior frames could be daslgned for vertical load 
only (with an investigation for deformation compatibility), and the lateral 
forces would be carried by ductile moment resisting space frames on Lines A 
and D. In these frames there is a choice concerning the columns on Lines 2 
and 7: the columns may be treated as columns with adjacent girders of 10 v 
span, or they may be treated as boundary members for the shear walls. In 
the latter case, the girders must still be designed, together with the col- 
umns, for the actual 10 f spans, but they must also be designed to span 20 v 
from 1 to 3 and from 6 to 8 in case the shear walls and boundary members 
fail. 
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Deformation Compatibility, (3/K) Tinea Deflection. In this example, the 
shear walls (with vertical boundary members) on Lines A and D and the f ri 
on Lines B and C are designed to resist the seismic forces. The framing 
bers on Line A and D (other than the shear vail vertical boundary members) 
are not part of thd lateral force resisting system; therefore, they will be 
Investigated for deformation compatibility (para. 3-3 (J) Id). When the lat- 
eral forces shown on page 4 are applied to the structure, the lateral dis- 
placement I* 0.071 Inch at the roof and 0.027 Inch at the floor level. The 
framing members on Lines A and D must be Investigated for 3/K (3/0.8 - 3. 75) 
times these displacements. Refer tc SEAOC Coumeatary, p. 45-C to p. 47-C. 
Also, see Design Example A-7, p. 8 and 9. 
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The resulting member forces are combined with the forces due to vertical 
gravity loads. In this example, the resulting stresses are within the elas- 
tic capacity of the members and the P-A effects are negligible. Therefore, 
the requirements for deformation compatibility are satisfied. 
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DESIGN EXAMPLE: A-5 



BUILDING WITH A DUAL BRACING SYSTEM; 



Description of Structure . A three-story Administration Building in Zone 4 
with dual bracing system consisting of a ductile moment resisting space frame 
in structural steel and concrete shear walls. The structural concept is 
illustrated on Sheets 2, 3, and 4. 



Construction Outline. 



Roof : 

Built-up, 5-ply. 

Metal decking with 
insulation board. 

Suspended ceiling. 
2nd & 3rd Floors : 

Metal decking with concrete fill. 

Asphalt tile. 

Suspended ceiling. 
1st Floor : 

Concrete slab-on-grade. 



Exterior Walls : 

Bearing walls in concrete 
and non-bearing, non-shear 
insulated metal panels. 

Partitions : 

Non-s t rue tural removable 
drywall, except concrete 
as structurally required. 



Design Concept . Since the structure is a dual bracing system with a ductile 
moment-resisting space frame in structural steel capable of resisting not 
less than 25 percent of the required lateral force and concrete shear walls 
capable of resisting the total required .lateral force, the K-f actor is 0.80. 
The metal deck roof system forms a flexible diaphragm; therefore the roof 
loads are distributed to the frames and/or shear walls by tributary area 
rather than by stiffnesses. The metal deck with concrete fill systems for 
the floors form rigid diaphragms and the seismic loads are proportioned to 
the frames and/or shear walls by their stiffnesses. 



Discussion . Portions of the exterior walls are insulated steel sandwich 
walls, not capable of acting as shear walls. Other portions of the exterior 
walls are of reinforced concrete. Two interior concrete shear walls are 
provided to the roof to support the flexible roof diaphragm and to reduce 
north and south wall deflections. The rigidity of the steel frame as com- 
pared to the shear walls is insignificant; therefore, the analysis of the 
total structure assumes that all lateral forces go to 'the shear walls using 
a K-f actor of 0.80. The calculations for distribution of forces to the 
shear walls is not given here since these follow procedures given in Example 
A-l. Calculations are given for the amount of shear to each floor for 100Z 
of the total base shear to the shear walls and the amount of shear to each 
floor due to the requirement of 2SZ of the* total base shear to the frame 
alone. 
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DBSIGH EXAMPLE: A-6 



BUILDIHG WITH A WOOD BOX SYSTEM: 



Exterior Walls : 

Wood stud bearing valla with 
exterior aad Interior 
plaster* 

Partitions : 

The atalr enclosure walla 
are wood stud with plywood 
sheathing on one* Other 
Interior walla are removable 
drywall. 



Description of. Structure , A two-story wood framed claeeroom building in 
3, using wood v floor* and- roof decka and weed etud walls* Girders aad col- 
unas on centerllne of building support roof rafters and floor Jo lata, 
structural concept Is Illustrated on Sheets 2 and 3. 

Construction Outline . 
Roof : 

Composition & gravel. 
l ff diagonal ahea thing. 
Wood rafters, wood girders, 
and columns. 

Celling (drywall + acoustic 
tile). 
2nd Floor * 

3/4" plywood sheathing. 
Asphalt tile. 
Wood floor joists, steel 
girders & columns. 
Celling (drywall + acoustic 
tile) . 
1st Floor : 

Concrete slab-on-grade. 

Design Concept . There is a line of columns and girdera on the centerllne of 
the building, but the exterior walls are bearing walla. Thus the structure 
does not have a complete vertical load-carrying apace frame and la a Wood 
Box System with a K-f actor of 1.00. The diagonally-sheathed roof acta aa a 
diaphragm spanning between exterior walls. This is a very flexible dia- 
phragm incapable of transferring significant rotational forcea. The plywood 
sheathed second floor is a flexible diaphragm. This second floor diaphragm 
is interrupted by a stairwell. The permanent stair enclosure walla running 
in a north-south direction are therefore uaed aa ahear walla. 

Discussion . The accompanying computations show the load dlagrane and dis- 
tribution of horizontal forcea to the varloue ahear walla and the unit ahear 
and chord stresses in the diaphragm. Attention la called to the twosecond- 
floor struts which must transfer diaphragm aheara to the ahear walla on each 
side of the stairs. Double joists are uaed for these struts. Plywood 
sheathing is given for one of the stair walls. As this wall la short, it 
will be provided with special tie-down fastenings. Shear in plera of each 
wall are computed as proportional to the solid space between openings. 
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LAT**AL POHCBS 



V* ZZKCSP/ 

70NC3: Z»V; *•/•*/ K mhO (7*&L€.3'3) 

re aosyro h* zz.z*' c*y,g/f 

ore 
LONQIT. SO 1 O.IZ4 o,mi -> N6so Nor 

T&ANSV. 40 0J76S*c 0.1 ft J BXC63Q 0»lt 

S m IS > CS * O.tt * /. 9 ■ OJS, BUT A/*0O NOT 

exesto o.i+ 



wh 



stoay *a*c« fy *£jfft(v) 



ICV6L 


w* 


h 


wh 




r* 


KOOF 


1/6* 
1*0* 


'ZZ.ZS 1 

u.o' 


Z3S<9 

/760 


0>*9 
O.+l 


II, A 



W* Z7S 411* 

Va 0./05 xt75* r 2£.3* 



hO ZS.S 
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HOOP QtAPM4LA*AA 



LATERAL PCUCE 
ntAPHRAOtf 






STORY PQRCB * /7.0* 
Wp* « Q./48 Wp% +-COWWS 



MIN. F pjC -<5.t4ZJMfac*O./f**+%/*tyx*a/06*/p* 
MAX. Pp* m O.yzZlP/p* a 0»d0*% p IxWp** O.ZtSWp* 

OlAPHRAGM STRESSES IN s 0./+& Wp* 

BSNON6 M CHORO FORCE SHEAR V V 

H-S(i.3l*QJ13)*E7>&-IB$* *40'*±.$B*- 7-7** *40^OJf%r 

SHEATH/AIG YtAPX. s /?<>*// 

U DIAGONAL. SHEATHING -DOUGLAS FIR 

VERYPLBX/&L6 DIAPHRAGM W&b i Fs^50 (TABU S-t jf-S) 
ALLOWED DIAPHRAGM LENGTH* 2 m P/IOTH (TAAL9 5-/> 
ALLOWED SHEAR - 300 */a*. (TARLE S'S) 

CONNECTIONS 

CHORD SPUCE NEAR MtDSPAN OVER WALL A OH A P*3SGO* 

TOP PLATE OP STUO WALL IS 040*0, LAP PLATES ANO 
CONNECT WITH 3 -V* BOLTS BACH SIDE OP SPUCE. 
CAPACITY IN SINGLE SHEAR IN I k* MEfARERS * 
3*1350** J, 33 = $.40*. 
CHORD SPUCE NBA* IAIDSPAN OVER WALL C OOP P* B90* 

EDGE ROOF RAFTER IS CHORD. PROVIDE 1-1 <*d AlA/LS 
BACH SIDE OP GPUCe. CAPACITY* 7*/07**l.33*<M Q 
MAPHRAGM CONNECTION WALL A OH % Y = <iO*/, 

BLOCKING TO BLOCKING 4 RLOCKlNG To PLATE fact. A, 
FtGURB $-*S). PROVIDE Z-fbd(0RMBTALFRAmi6 ANCROfil, 
BETWEEN RAFTERS. CAPACITY x(Z+l07* I.&tW** 2/4%, 
DIAPHRAGM CONNECTION TO WALL C on. O y x ; 90 /f 

RAPTER TO BLOCKING £ BLOCKING TOTOP PLATE CSmcsh C, 
FIGURE S-H) USB ILJq IS"CiC> CAPACITY *(t01*tl.%l+OJGmKt% 
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2ND FLOO/l OtAPHKA&M 

LATERAL POP.CE STOA.Y POfi.CE » II.S* ~!= 0,0738 

• t\aO 

OIAPHRAGM rOR.CS 

2 A A 
Fp* = -tfjWp* - O/OS Wp% -t 60VEANS 

AAIN. Pp* n. ©, /OS Wp* 

OIAPHR.AGM ST/ZESSZS 

IbSNOINQ M CHOtlO FOn.CE SUEAA. V 

WL*/A , » AA/O a Y4L/Z 

A/-S (1.73 * am)*<*OJ& - £2.7*' +40*2,07* Z6Z* 

E-wfarz* 0.109) joys * G5. 5 +ed* O.SZ* <*.*$* 



WALL 



B ( w£srofSjm 



C,NO*TH DfSTAlK 
Gj PLUS STMT 



AO' 



40' 



6650* 



n 



6SZO' 

it 



109 



t*0 
156 



CASS 

# 



&0UH0AAY 
NAILS 



G B C.C 



G* C.C 



PANEL 
HAILS 



G"CC 



6"CJC 



ALLOWS 

y 



vs*/, 



Z65J, 



* SEE TABLE *-«-• 

UNBLOCKED O/APHAA+M* C-C EKT-APA PLYWOOO. 
USE VALUeS FOIL * s a PLYWOOD, IOd NAILSjEtMEMHEKS. 

PLBKIIEILlTY 



USB L « CO' (P/APH. SPANIN6 PKCM WALL CTttfiJ 
FORMULA 5-59 : %**• - t$0 %i « Z&S 

c - 31,000 Iav* 33,000*Z30 < _ 



7**L6 5-/ - O/APW. /S VLeXJALS*. *MK SPAN - /DO 1 > *0* O* 
IV/r* FLtKIHLE WALLS ANO NO CALCULATE/) VOASION IN 
THE DIAPH. THE MA*. SPAN sjn OEPTN Off. 3*+o' 
e-ltO* > frd'O* 
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2 ^o FLOOR DIAPHRAGM - CONT'O . 

CONNECTIONS 

CHQPO SPLICE AT WALL A o* 13 P » ZOlO* 

SIMILAR TO ROOF. USB Z-*&*$ ROLTS EACH SIDE. 

CAPACITY - 2*1000**1*33 - Z660* 
CHORD SPLICE AT WALL C OIL O pm 320* 

SlMtLAR TO ROOF. USE &-IGct NAILS EACH SlOS. 

CAPACITY *&*I07**I'Z9 » 3S+* 
0/APHRA&M AT IV ALL A 

WALL Alb OVa j SOLE. PLATS TO IS LOCKING^ 2'IGd 

between rafters for 90*/^ as at top plate, 
blocking to rlocimhg ano blocking to top plate i 

SHEAR PROM ROOF fL FLOOR » <fOf GZ » ITZ^/pT 

USE ?-/6 d fSETWEEN RAFTERS , SIMILAR TO ROOF* 

CAPACITY a ?/+^fcr. 
QIAPHRAGM AT WALL & 

SIMILAR TO WALL A.SHBAKmqo+lOqsjqqf^USB 2-tid 
QtAPHRAM AT WALL C 

WALL AROVS, SOLE PLATS TO EOG6 RAFTER, 

USE Id d EG* C.C. FOR l 4 fO^/fs Ti AS AT ROOF. 
RAFTER TO BLOCKING AUG BLOCKING TO TOP PLATE 9 . 

SHEAR FROM ROOF £. FLOOR * /?0* ZBO • +to4pr 

USE ICd 9 4-«c»C. 

CAPACITY a I07*»/- 33 + 0.33' » 431 VFT 
DIAPHRAGM AT WALL E 

A/0 WALL A&OVB. 

STRUT IS DOUBLE JO/ST EXTENDING OVER WALLS, 

SIMILAR TO PLAN A , plO. 6-J4. , i 

STMT FORCE .(&*0.IG3% + -^>6f£, **</***f) 

USE Z-3+"4 I30LTS, OOUGLE JOIST TO 4**4.* I+AHO 
Z- 4f • ^ ROLTSj ANGLE* TO OOUtbLG TOP PLATS OF 
SHALL S. 

CAPACITY tN SINGLE SHEAR IN B* OF WOOfO WITH 
METAL SinS PLATS m Za(i.E9 * l+TO*) * AH"^*" 1 
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SFFAR WALLS 
WALL £ 



7T 

&UI COINS 
J*C7/0/V 



2NO STOFY FOACF *O074xFL0OFWF/4NT 

S-ZNO FLF. DL *AU* 20 m 33.* PS/e 

I VA-:-:y,jr.;>.-- I « 4*0^ 

STPUT-S V.-*.4hA*,-: \ 



4t?« Q"*S* 

*> lllllll!IHI!'IH 



VMAffi WK OF WALL * 20*//'*/ePSF 

0*1*1 " — t * Jf *°* 

I 2Q* J *** TOTAL DL *44l0* 



SS/SM/C LOAOl (0.O74 xFCOO* WT.) 
OlAPH. LOAD WO O/AGXAM- — v 

FlfOM THF WFST 0.074*SZ.S* '• 3.BV* 
FFOM THS FAST kS.A * 0.6C 

FFOM THF WALL «2.0 * 0./S 

WALL \T « 4.69* 



WALL SHFAF 



V * 4*fO* _ . -, 



l/SF S /a STAUCr.X SXT.-APA PLYWOOD ONSStDF 
6<J €>4" AT PANFL FD46S t &4*IZ»ATlNrFpM*D.tATe 
SI/FF'TS. ALLOWABLE SNFAF * 9QO w /t(Ft6L>*€ *-/5) 

0V6FTURNINZ M * 4* 10* x II '* SI, 400 * ' 

WALL *€ACTIONS - +4JC? t SI. *C* \ zzos + zy/ ^ 

M f4f*l OOWAI 
(_ Stl UPLIFT 

TIF OOWM (F/O ,6-/G>) 

POST AOLTS TOAN6LF: «-4f # StWCLF SFFAF Z f t 
NFT, WITH MFTAL S/DF PZATFS: ALLOW Z*(t.ZS*/OZd*) 
*L33 =339t*> S/lf ASIC HO* HOLT: M+ ALLOW /-HmdOOO* 
400O*jL4x t 4*fi*O'-t'£:s*(t'i- 7?) (*£)*/&* */73 '** 
M*SII**(z' t -/f7C07*« F* 767/.I73 • 4939 Fti 
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SHI AH WALLS CONT/S. 
WALL (8 



SPUCE FOR 
VERTICAL 



TYPICAL AT 

ALL p/ens. 



TREAT AS S EQUAL CAM Tl LBV BR PIERS 
ASSUME NO MOMENT OEVELOPiO M SR4NOFML*. 







WALL SHEAR 
1ST s TO ay; 

>V<ALL HT/iNlOTH 

• At. 






-*>.074*l*>'t* *bZ+ K * H'0 » * 



EST. LATH E\PLASTE*-tOO 

4/ r /NT " " " -/oo 



\ A" 0MA CHEATING 3PO 



overturning: 



NT. OF WALL 
DL OF ROOF 
OL OF FLOOR 
TOTAL OL 
O- T MOMENT 

O.T FORCE 
REACTIONS 



2*0 STORY 



/s'*£*n{>sf=no 



J ST STORY 



&.4AV/.3. 



3 
B/.9 

2//4 



2//4* 



= 3.75 



±VfiO 



ts*£r* 3 * 



„c4>e>on oown 

~ie<?63 UPLIFT 



/70 

» 34* 
4/23* 
67. & K '/PIER> 

537- - 7.?A 

{/067 3 OOM/AI 
5<?/3 UPLIFT 
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SH€AF WALLS" CONT'O 



WALL (S) COtfT'0 



LtFL/FT AT 2ND FLOOF 



F* znbi 



F/90V//D€ VSAT/CAL COMT/.VL'/rY W/TN MSTAL 

spl/cs plats 3/&x z'z~ w/r# a- 8 e'A0LTS 

£AC# £/V/D. ALLOW 2x(7. 2Sx Z030 V A33»337S > 
Zf*3 2 ' 



T/e DOWNS AT /STFLOOF 



F* €9/3 




/33 • 7/S7 



7 6 $ ANCHOR /tOLTS W/TH %"x3"WASHC# 

NST AKSA OF WASH&X - <© M? m 

ALLOW CoOO PS/ 1A/ tt'JK'Q: C*00 FS/M Q x/.l3*640o 



NOTS T//AT FOOT//V6 MUST 36 FS/A/FOFCSD SO THAT 
THS &OLT CAN F/CF l/F AfoOUT AS CU. YDS OF 
CONCXSTf. 
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£H£A* WALLS -CONT'A 



WALL ( 2) 



r «4££^=2/*# 



W 



WT. O* WALL e/Spif* 23 

a 414*// 
fieS/ST/HQ A10M9HT 

Ma - o.474#><40'x«0' 
* 33/ ) Z52*' 
.". A/o CiPUFT 

WALL (A) (($) JtMILA*) 



► ,1+B* *7.**«a.*0**«.* = /*«?* 

/Td7^ Morm232*' 

SHSATHIN<m I 
Z»o STOAY: 
&XT. + /NT LATHJiPLAST&A 
ZOO f /OO s 300j& > 2/2 

AOO I" OM0, SHWHIN& 
SOO f 300 a 6<X>^ >335" 





F 


V 


A%T 

L> 


IT 


HOOP O J43 * £7.3 a 


*.f* 


a.*a* 


5V 


*»* 


PLOP* d074j<7f.O» 


s.af 


/4.3d 


47*5' 


tol 



Z "* STOKY 
l*T STOKY 



a^o/9 -^ lst-m a*ac*x 

soot, » - < ^r°* « »«**'>*» 
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DESIGN EXAMPLE: A-7 



SPECIAL CONFIGURATION: 



Description of Structure . A one-story Industrial garage building In Seismic 
Zone 3. The north, east, and west walls are concrete bearing walls. The 
south wall Is largely open for drive-ln access and has concrete columns and 
concrete beams over the openings. The roof Is concrete slab and beams. The 
structural concept Is Illustrated on Sheets 2 and 3. 

Design Concept . The roof Is a reinforced concrete beam and slab system 
forming a relatively rigid diaphragm, even with a 6 to 1 length-width ratio. 
The north, east, and west walls are concrete bearing walls. The south wall 
is a rigid frame. The lateral forces are resisted by shear walls. The 
building Is a Box System with a K-f actor of 1.33. 

Discussion. An estimate of the' relative deflections and stiffnesses of the 



north wall versus the south wall rigid frame indicates that practically all 
of the east-vest forces would be carried by the north wall. The resulting 
rotation Is resisted by the east and west walls. A computation of the de- 
flection of the roof diaphragm in resisting north-south forces is shown. The 
transverse bents formed by the south wall columns, the transverse roof beams, 
and a portion of the north wall are checked to see if these bents are ade- 
quate for the vertical load carrying capacity and the Induced moment due to 
3/K times the deflection resulting from the lateral forces. The vertical 
load stresses in the south wall beams will be combined with chord stresses of 
the roof diaphragm. 



CATS ft A<- P0&C6S 
ZOMS 3 , Z* 3 4 

7* 0.05A//B , 
P 
LONG/T. 24' 
TRAHSV. /44' 



V s Z/XCJW 

hz IG> , C zJiiff 

T C 

O.tQSSec. 0./G7 ) *ijr N990 NOT 
0.0GG7 0.255) **C$SO ©./2 



ASSUM9 GSOTSCHN/CAi. /NVSST/GATtON JHOKS THAT T $ >t,9 S*C, 
Tmin • 0*3 T/r$ * 0>9/2.5 «o./fc 
J«/.o* 7/75 -0.5 c r/rsj z to* T/r s SAO 

«S « /.Of 6.IZ - O.S (O.tZ) 2 • hfl 

cs * o.tz x 1. it * o./aa 
v» ^ x /.o X /,33 x o./a3 w « o, /33 w 
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compo $a$RAv&c &oor* fza 

& COMGi3CA& *3X> 

1&&AX43 I&.Q 



exnSitKMt.WALCS 

U WALL IO m OMJCJtSmZSS%L . 

& W&UD WALLS ieS*Z38>933% 



COLXJMJJ3* Ik A77 x ISO jT-^t tc. Ittt* 
536JSMJCA7-3: Z 

ROOP* 06* B* *GOO0 ^XJD WALL 18SxZ4*e3 i CO&xJ33* S.I* 

UWALL. .» 94S 

ABAM * e37 

cols. -SHiltt* 48 SUM MA AY 

.133k33n\446>y, *"™*A*M C4S*/44 • G4.S 
33>13Mlce>-W TOTAL JMMtC MJMT » 7/./* 

*OOt B -4*.*M4 ml*, 400 

walls exiss ^hsvo: 

-J33kl4,3yO*19IOl% 
*t WALL. *45 * 144 * 134,000*7133 +I3.Z* 
3. WALL 

AGAM. 937m M4 • 94. ZOO 
"COL3:. tZZBAiS- * 6,140 
■CQVGK QO K144-JL B>*3Q. 

*I33* 43 t 990**.B* 

144*. 
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NOATH WALL 

C/J/A/6 CHAAT *OJt D*FL6CT/OAt (W. *-//) 
&9*LeCTIONJ TA MULATTO MtLOW FOI* SO" HAL (.J , A*M 
IZ/IQ TlMGJ TH6 CHA/KT VALUG WHICH A *& FOA tl" WALLS . 

Opkhzs 0-/3)* - h _L_*o.ooaa:: 

Z4331 
&WALL *JH08-~0OZ4+Q.OO33*0.OIZZ:± 
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.0&6 


.0024 


T m T- r:- 



I£(WALL) . « •/--- + SZ,&=~; 



'.OIZZ 
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Cfi INMCATeS 

CONMTtON 
AC /HOtCATif 
MCTANQUlAQ. A'f£ 

cAHT/ceys/i CONMTtON 



SOUTH WALL CAI&IO MAMC) 



PI&Z 


-T»-~ 


</- 


>>/y 


,£-_ 


• s Krt 


i**4 


7*f. 


KIT 


jzr 


3Z.3 


.0305 
*Z - 


IJJCL. 


J4>~ 


1.17 


IZ 


49 


.0204 

*3 

*J0& 


mu/fc. 


J<0 


144 


.m 


jtxns 




tCFH% 


M 


144 


.0*7 


JfOSS 


. 



TAFie* .0^94 +iz 9 *r;ot33V3T.a 



Z.AnlZn.03334+/Z 9 M.OZ7J'*4f.O 



A/-T. 



/ 



* C/4 



,O(0l* .1010 
AWAU. * a 0095'.003f+&./4 * &J4I 



Q9FLSCTIOH Ot/e TO ROTATION OF MAM 



&rz\iz/-~~ 



r-# 



* AftWrg* ;fcJ?_ . 



" :::M*j.ooQja4*j<£000\ 



9- ¥ KI.OOO.OOOkJZ -: 
3,000,000 k 13394- 



f -Z4'>cTL"A \ x 0.a*7£r~ 



7074C OinfCT/ON « ft./* */fr.JJ ■ ?«.47' 

28.47 
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2 »Q FLOP* O/APHRAGN - CONT'Q . 

CONNECTIONS 

CHQPO SPUCe AT WALL A O* /» P » C070* 

SIMILAR TO ROOF. USE Z-*&*# fhOLTS EACH S/OE. 

CAPACITY - 2*1000**1*33 - 2660* 
CHORD SPLICE AT WALL C Of. O pn 3tO* 

SIMILAR TO ROOF- USE &-IGd NAILS EACH S/OE. 

CAPACITY * 6*107* At>Z9 » 85+* 
/Q/APHRA&M AT WALL A 

WALL Al^OVe, SOLE. PL AT e TO & LOCKING j 2-/0>d 

between rafters fox 9©*/*r, as at top plats, 

BLOCKING TO RLOCMHG ANO SLOCK/ AJQ TO TOP PLATS I 
SHEAR PROM ROOF fL FLOOR. =* 90 + AZ => t7Z*/pr 
USE Z'l&d fcETWSEN RAFTERS , SIMILAR TO ROOF. 
CAPACITY a **+*/&, 

DIAPHRAGM AT WALL A 

SIMILAR TO WALL A+SHSAK*qo<HO<1*W%toUSS E-ttd 

QIAPHRAM AT WALL C 

WALL A%OI/E t SOLE PLATE TO EOGE RAFTER. 

use fa d <e&" c.c for 110*/^ as at roof. 

RAFTER TO BLOCKING AUG Ih LOCKING TO TOP PLATE I 
SHEAR FROM ROOF < FLOOR, « /?0* Z30 • 4ZO%T 
USE tOd 9 4." c.c. 

CAPACITY a 107* f> 1.33 r 0.33'» 43JVFT 
DIAPHRAGM AT WALL E 
A/0 WALL <4*Of£. 

STRUT IS OOU&LE JO/ST G*TSLNMNG OVER. WALLE J 
SIMILAR TO PLAN A, PIG. 6-J4. , , 

STMT FORCE *(&±O.IE>3%+ -*£)<% *0.,a3+<f) 

USE Z-9+ H 4 ISOLTSj OOUHLS JOIST TO 44*+* '^AHO 
2- 4f • ^ /*OC7 Sj ANGLE} TO OOU&LG TOP PLATE OP 
&ALL £. 

CAPACITY JN SINGLE SHEAR. IN S* OF WOO0 WITH 
METAL Sine PCATB m % A ( I.E9 * 1470*) X /.»» « 
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DESIGN EXAMPLE: A-7 



SPECIAL CONFIGURATION: 



Description of Structure . A one-story Industrial garage building In Seismic 
Zone 3. The north, east, and west walls are concrete bearing walls. The 
south wall Is largely open for drive-in access and has concrete columns and 
concrete beams over the openings. The roof is concrete slab and beams. The 
structural concept is illustrated on Sheets 2 and 3. 

Design Concept . The roof is a reinforced concrete beam and slab system 
forming a relatively rigid diaphragm, even with a 6 to 1 length-width ratio. 
The north, east, and west walls are concrete bearing walls. The south wall 
Is a rigid frame. The lateral forces are resisted by shear walls. The 
building is a Box System with a K-f actor of 1.33. 

Discussion. An estimate of the' relative deflections and stiffnesses of the 



north wall versus the south wall rigid frame indicates that practically all 
of the east-west forces would be carried by the north wall. The resulting 
rotation is resisted by the east and west walls. A computation of the de- 
flection of the roof diaphragm in resisting north-south forces is shown. The 
transverse bents formed by the south wall columns, the transverse roof beams, 
and a portion of the north wall are checked to see if these bents are ade- 
quate for the vertical load carrying capacity and the induced moment due to 
3/K times the deflection resulting from the lateral forces. The vertical 
load stresses In the south wall beams will be combined with chord stresses of 
the roof diaphragm. 
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DESIGN EXAMPLE: A-8 



L-SHAPED BUILDING WITH A BOX SYSTEM: 



Description of Structure , A three-story L-shaped Administration Building In 
Zone 3 with bearing walls In concrete, using a series of Interior vertical 
load-carrying column and girder bents. The structural concept Is Illustrated 
on Sheets 2, 3, and 4. 



Construction Outline. 



Exterior Walls : 

Bearing walls In concrete 
furred with GWB finish. 



Partitions : 

Non-structural removable 
drywall. 



Roof : 

Built-up, 5 ply. 

Metal decking with Insulation 
board. 

Suspended ceiling. 
2nd & 3rd Floors : 

Metal decking with concrete 
fill. 

Asphalt tile. 

Suspended celling. 
1st Floor : 

Concrete slab-on-grade • 

Design Concept . Since the structure is without a complete load-carrying 
space frame, the K-f actor is 1.33. The metal deck roof system forms a flex- 
ible diaphragm, therefore the roof loads are distributed to the shear walls 
by tributary area rather than by third story wall stiffnesses. The roof 
diaphragm, being flexible, will not transmit accidental torsion to the shear 
walls. The metal deck with concrete fill system for the floors form rigid 
diaphragms. The walls act as a series of vertical cantilever beams con- 
nected together by struts at the floor lines. The wall analysis utilises 
the Design Curve for Masonry and Concrete Shear Walls on Figure 6.11. 



Loads . 

Roof : 

5-ply roofing ■ 6.0 p.s.f . 
1" insulation - 1.5 
Steel decks ■ 2.3 
Steel purlins - 3.7 
Steel girders 

and columns - 
Ceiling 

Miscellaneous - 

Dead Load ■ 

Add for seismic: 

Partitions 10.0 
Total for 

seismic - 35.7 p.s.f. 




2nd & 3rd Floors ; 
Finish 
Steel deck 
Concrete fill 
Steel beams 
Steel girders 
and columns 
Partitions 
Celling 
Miscellaneous 
Dead Load 

Live Load 



i> 



i 



1.0 p.s.f. 
3.1 
32.0 
5.9 




• 50.0 p.s.f, 



Bxanple A-8 



1 of 8 



L-Shapsd Building 



A-144 



Digitized by 



Google 



TMS-M9-10 

NAVFACP-3W 

AFM0*-3,Chap. 13 



O & £) £) $ (?) 




^0 



KOOf P £ /? M sa*AA± '"'3o' 



©0 0. 






I 




;m^.. 









A/OTff : 

WA I L ® (W) IS A JUPPOXT 

PO& -me q/amxa&ai 

eAJT OP LIN& 4 PO* €-W 
FQ&CeS. TH€ JT/U/r ON 
UNS C IS &£4t<mN60 fiQlt 

pontes coLcecreo in 

THE I9IAPN&A6M. TH€ 

smur po/tce u thgn 

7RANJFe**€0 TOTHS WALL 
AY A SUITAHL6 CONNECTION 
AT THS LOCATION INMCATSO. 



WALL 



Si 



Example A-8 



2 of 8 



L-Shaped Building 



Digitized by 



Google, 



A-M7 



TMfr-309-10 

NAVFACP-355 

AFM8t-3.Chap.13 




A-14» 



Digitized by 



Google 



TM5-M9-10 

NAVFACP-355 

ANMM-3,Chap.13 



T5 



Z-Cfix 



1WCSL 



W 0ft 



] ISl IS] 



» 



mLL(i) Q ® 



£> 



§ 



JVAU(N)(W 



H^ 






C ^3 ! 1^ 3 H^l 

i^i i^n is] 



F 



V 

■4 



5 



'« 






\nall( m) 



1^ i E><n 



"SB* 



I 



k-rf- 



.V 



guff 9 £ 



wau( X) 




Extayle A-8 



4 of 8 



L-Shaped Bulldlog 



Digitized by 



Goog'S-.*, 



TM 5-809-10 

NAVFACP-355 

AFMM-3,Chap.13 



LOADS TO ROOF DIAPHRAGM 100% 9 



n/.z* x o , s o 

S06.1 *96' s 29,654 
/6«.6 h 144' s Zi.lQZ 
645* « 5S.556*' 

TOTAL MIGHT* <*4S K 



s . 53.356 _ *9 v 
X — G ^ 5 »«./ 



J 



«AfT*rt 
OF/MSI 



r similar computations) r \ y ^/ j *r*or£ 



X* At. 7' 



w 

I* 




<© 



i5.6".7 "j 
3 



flOO/= s 35,7%' 

£@Lit3£3: *JJlCL^iINB * 




•| l~AJD6e 






i 









•4 



b 

5 



m.z< 






134.4 f 9.4 
2.AQ«/i 



$oe.i H 



/*4.0*. Vfh* ft 



s&.js 






?</-<?• 









-4 



^'-p** 



WALL 



SOLID 
WT.*/ f 



NJV 667 .7/ 466 

/V6 A/5 .66 £51 

JtV 667 .67 460 

JS 667 .67 460 

IV 6/9 .56 IIS 

6N &67 .79 50Z 

ffj 667 ,79 50Z 

AN **7 .77 529 

AS I 6/9 I .94 I 764 

10* WALL WT.3 

It* x 5.5'* 667*/ 
*Q*eAT6R HT. TO *//D*fi 



% 707X4 



tvr. # // 



L' 



95. /7 
46.91 
95-/7 
46.99 
46.55 
47./7 
47. /7 
47. /7 
47./7 



\N* 



46.4 

€5.6 

43.6 

t/.5 

39.1 

29.6 

25./ 

96.; 



WALLS *fi 



ROOF MOTH 
ROOFMt*Hr*A 



N-S 



mst 



466 
46© 



946 



TOTAL */i 



SZ' 
164* 



CAST 



SOUTH 



559 

460 



e-n 



us 
sot 

764 



/O/S 



too' 

3570 



2604 
f.60 



4569 
4.56 



/96/ 



146' 
SI64 



NORTH 



SOZ 
SZ1 



tost 



7265 
7.27 



52' 
7656 



2667 



Example A-8 



5 of 8 



L-Shaped Building 



A-1S0 



Digitized by 



Google 



TM 5-809-10 

NAVFACP-365 

AFM8t-3.Chop.13 



LOAO TO FLOOR. G/APHfiA <bM IQOVo 3™ FLfc 



3t<2> x n o 

S67 x f 6 * >5& t $6Z 
Stt * 144 * 44*164 

TOTAL' Wc/GHT * 1Z14" 

S . /0/»/36 _ ma a 

** tzi4 * 3 *' 3 



Of* MASS 



®> 



39.0* 



n00K*74.S*/f 
<@> 31.1* 







C ?"* ^.g. SW "-A&) 



(N?) 4*.S 



3/6* 



«■» ^h» «ai «Han «JL »^ «■• 






<S> 42.1*> 



S5.4* 



3, 43 K / i 



561 



f*-0- 



* i| 9.0/*// 

Ylio.* ' 
J_ 4&o 




WALL 



NB 

JB 
W 

s/v 

AN 
AJ 



SOL to 



ins 



i* 

* 
It 

•f 
* 



KrctTAL 

A*6A 



.63 
.fit 
.67 
.67 
.47 
.75 
.75 
.77 
.93 



A/€7 

m.*A 



955 
955 
92/ 
92/ 
//96 
/004 

/059 
/279 



C 



46.55 
95./7 
46.55 
46.35 
47.Z7 
47./7 
47./7 
47./7 



W* 



61.0 
•45.5 
67.7 
42.7 
SS.4 
41 A 
41.4 
SO.O 
60.3 



A/- J 



W6ST 



935 
92/ 



9AST 



935 
92/ 



£-*V 



Jft/TW #0*7* 



Hit 
/004 
/279 



/0O4 
/059 



10" WALL 
IZ**/$ 



*/l'*/375*/, 



WALLS 4/, 



I 



/05G 



/6S6 



J479 



2063 



/*O0* Mf/OT/f 

floor mtwr 



46* 
3576 



96^ 
7/5« 



/44' 
/0726 



TOTAL */ t 



5434 
5.43 



40O6 /«**07 



46* 
3376 



9.0/ 



14.2/ 



5634 

5.64 



Example A-8 



6 of 8 



L-Shaped Building 



Digitized by 



Goo gI^in 



TMft-Mt-10 
NAVFACP-S55 
AFMSt-3,Chap. 13 



LATC/tAL LOAOS 
V* ZIKCS1N 
FOA LOCATION IN ZON9 3, Z « 0.75 

/»/.0, <«/.3J 
70 OBTAIN C, CALCULATE T* 




*0rt Af-.f £/*ffC7YOA/ 

N ** /f Na/ ** I jar /veto not 

/*o* e-jv otMcTtoN \exceeo at 

no seorecHNtCAL aata is ay ai la alb for tm* jire 

.'. UJ€ J«A5; CS9 O.IZmI.S * O.I6 

but cj Aieeo not excecn 0./4 /naoth o/ksctionj 

Z I K CS 

V* 0.76xt.Oxl-9ij(OJ4n s 0.14 Wz 0.l4xBO7B « 430* 

BOTH OIH6CTIONS 

l/e/lT/CAL O/JTA/BUT/ON OF LATS&AL FOfcCGS 
ANO OVeHTU/tNING AAOMSNTS 

ft a C* - **)<***>* ; SMC* T< d.7 J€C, £ «0 





f"X = 


* Z*>c 


hi 
















*X 


Ah 


4>X 


UlftS 


«*/>• 


F* 


Vy 


£A«AM, 


M v 




t«*fc* 




33 


It 
it 
tt 


£«5 
/ZI4 
IZt4 


2/C35 

26703 
/3354 


.3*7 

.43* 
.Z/6 


i4n 

167 
14 


141 
336 

430 


/G3<? 
4730 


/*3* 
5335 


707*46 


- 


- 


3073 


G/347 


1.000 


450 K 




Exaaple A-8 




7 of 8 L-Shaped Building 



i 



A-1S2 



Digitized by 



Google 



TM6-MM0 

NAVFACP-ttt 

AFMM-3,Chap.19 



ROOP DIAPHRAGM 

STORY PO$ce « I + 1.S* w s ^i s °' Z9Z 
niAPH. FORCE PER EQN. 3-1! 

Max ?/* * O.S ZZO>, * (o.Sx ^xl^U^ - O.tZSiOp* \ 0VS * NS 
6AST-WEST SQ. MULT.LOAO MAG.,*.*, BY O.ZZS 



5fr.4* 



LOAD 
I 



i 
314 4.1 P. I 



ZZ.Z* 
i 



Z.4 A * 31 .4 31.4 Atn.t ISA * I * 0.4 

14.6* 10 A* 6.6 K 



N 



SHEAR 




31A 



STRUT COLLECTS SHEAR FORCE AfTWEEN LINES (JM*}* 
NORTH OP STRUT » V » /77 - Z(0.77) « /5.frl ^ 

J0</7>/ OPSTRUTs V*j£pX$lA */3./ J 

TH6 STRUT IS IN TENSION FOR EASTWARD FORCES y 
COMPRESSION Foil weSTWARG. SUITABLE COAW«- 
T/ONS MUST AS PR0VIP6O ACROSS BACH ISAM AS 
WELL ASANSNO CONNECTION AT TNE WALL. 
NOT*: OIAPH. CALC. ACCOM 6 S MORS COMPLEX AT LOWER 
FLOORS ABCAUSE TMBY 6ISTRIAUTS FLOOR FORCES PLUS 
LOAOS PROM SHEAR WALLS A HOVE ACCOROIN6 TO 
RELATIVE R/QtDlT/es OF SHEAR WALLS fiSLOW. 



Example a-8 



8 of 8 



L-Shaped Building 



Digitized by 



Google 



t 



» 



Digitized by 



Google 



TM5-S09-10 

NAVFACP-355 

AFMW-3,Chap. 13 

APPENDIX B 
DIAPHRAGMS 



ft-1 • Purpose and scop*. The details and examples given in this appendix are to illustrate principles, fac- 
tors, and concepts involved in seismic design of horizontal diaphragms of buildings. These are not mandatory, 
and other equivalent methods, materials, or details complying with this manual and applicable agency guide 
specifications may be used* 



B-2. Design •xampUs. 

Design 

Example Description 



B-l Concrete Diaphragm: floor diaphragm supported by steel deck; diaphragm stresses and stress 

transfer to concrete walls. See appendix A, design example A-l. 

B-2 Steel Deck Diaphragm: stresses and connections in roof deck with concrete walls. See ap- 

pendix A, design example A-l. 

B-3 Steel Deck Properties: sample calculations for working shear, qo. and flexibility factor, F, for 

six steel deck systems. See chapter 5, paragraph 5-6. 

B-4 Wood Diaphragm: stresses and connections for diaphragms in a two-story wood building. See 

appendix A, design example A-6. 
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APPENDIX C 
SHEAR WALLS 



C- 1 • Purpose and scop*. The data, details, commentary, and examples given in this appendix are to illus- 
trate principles, factors, and concepts involved in seismic design of shear walls of buildings. These are not 
mandatory, and other equivalent methods, materials, or details complying with this manual and applicable 
agency guide specifications may be used. 



C-2. Design examples. 

Design 

Example Description 



C- 1 Concrete Shear Walls, A detailed analysis and design of concrete shear walls is included in the 

design of a two-story building in appendix A, design example A-l, Box System. 

C-2 Concrete Shear Walls with Concrete Frame. A special analysis for walls in buildings with K ■■ 

0.80 is included in the design of a two-story building in appendix A, design example A-4. 

C-3 Wood Stud Shear Watte. An analysis and design of plywood and diagonally sheathed sheer 

walls is included in the design of a two-story building in appendix A, design example A-6. 

C-4 Wall Stiffnesses. Several methods of calculating wall rigidities are compared. 
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DESIGN EXAMPLE: C-4 
COMPUTATION OF WALL STIFFNESSES: 



The examples on sheet 3 through sheet 10 illustrate various methods for 
determining the rigidities of vails with openings parallel to plane of the 
wall. 

(1) Method A and the first example is taken from a textbook, "Stati- 
cally Indeterminate Structures/' by J. R. Benjamin (Copyright 1959 by McGraw- 
Hill Book Company, Inc.), pages 221-223. It is a nearly precise method as it 
includes the effect of rotation of piers and axial shortening of piers. How- 
ever, it does not include the effects of spandrel and foundation flexibili- 
ties. Computations made by this method are relatively accurate but can be 
very cumbersome for ordinary use. 

(2) Method Bj is a very commonly used method in which the total de- 
flection of the wall is determined by adding the deflections of the piers at 
various levels. The piers are assumed to be fixed-ended or guided cantile- 
vers depending on available restraints at pier ends. Joint rotation and 
axial shortening of piers is not considered. 

(3) Method B2 is the same as Method Bi, except that all piers are 
assumed to be fixed-ended. 

(A) Method C is considered more accurate than either Method Bj or 
B2. In this method the deflection of wall is obtained as though it were a 
solid wall. From this is subtracted the deflection of that portion of the 
solid wall having the height of the openings. Then the deflection of actual 
piers at the openings is added, thus replacing the deflection of the ficti- 
tious solid midstrip. In this method the piers are assumed to be fixed-ended 
or cantilevers depending on available end restraints. 

(5) Method D is a modification of Method B2. Where a shear wall 
with openings is to be compared with a solid shear wall, the wall with open- 
ings is computed as in Method B2 but the solid wall rigidity is computed by 
dividing the wall into horizontal strips each of the same vertical height as 
the strips used in the wall with openings. When comparing vertical resisting 
elements of various types this method may become confusing. However, where 
relative stiffnesses only are desired this is an Improvement on Method B2. 

C6) A resume is given for the first example on sheet 7. This shows 
that Methods A, B2» and C give comparable relative rigidities. If in the ex- 
ample, Piers B, C, and D each were of different proportions, there would be a 
slight difference in stiffnesses computed by Methods A and C. Method B2 can 
produce inconsistent results. This is shown by the second example on sheets 
8 and 9 in which Methods A, B2» C, and D are compared. This shows consistent 
results between Methods A and C but for Method B 2 the wall with opening is 
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indicated as being stiff er than. the solid vail. Method C is not generally as 
well-known as Methods Bj and B2 but is considerably more accurate and is used 
for the examples in Appendix A. The use of Method C to a sore complex problem 
is shown on sheet 10* 
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STjrrNesitf/ comparison to good wmi % $l!£ * 

+ 97.17; 



/Wg7>jjjg£ *«1 



^ t «.03/(i, ^ 6 «^o« .0739 ***/$. *2 *«©* 27.04 
A«o».0370 ^a* .03/C 
^ WA4 ^»2<.O3/6f.0370»./002 K WAUt * %96 

K SOCIO WALLCrtXCD)*9.SZ 
&Tirr*£33 /V COMPARISON 
70 <SOLIO WALL 
*g*ff p « /**.** 
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\mc.thoo g| 

scuo wall CcAuTiLavee) A'O./sss* 
MtosrA/t* *>eo* CCAvr.) ^=o.osz£" 

P*6A A 4 O 4iV ft '/*£/>) 

*%**&* 0'°W H X* n *o m /*'£* **** * 7 -° 4 *40 u .0370* 

A WAU. • . /SSS - . OBZSf . 027O * . /4-Z ? M. WALL » 7.0Z 
Sr//*fAMSS /A/ COMflAAiSOAJ TO SOL/0 HULL « *%$£?* 97.$% 

\*erHoa a \ 

£jtfe«4 • 9.96 
C*£* &%) 



£Q£/ML£d/r SOL/0 W4CC /C * /O.S4- 

C&£ to" or **/£sr €HWftt 
09?* Cr»flZ) 



snmAtss ttJ compaamoaj re souo wall J$?Z£* » 9*s% 

as m/ rue Msr exAMAte^ M£r#0£>s *• amo "c m <?h£cm wtu. 
A/eruoe V e//£ c*s 4*€r//a6 *a* &£rr£* tvaaj mj r*£ wast 
£xam*l6 aot rue cqmmuw* srtmjess. /$ Sr/LC secure* tow 
HOMS.V&A. AJore r#Ar /a/ ruts £K**tAC€ At£rMoo &> a/r£$ 
fiooAi kesutrs /x/ that rue wall mth a /fete app€aas 

Srtfif€A THAN TH6 SOLID W9LL. 
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c&HpurAna*/ *r wall sneruesuts- oohk 



*£FBX TO H6U*G fc-// 



GIVE.M2 

TMCKhtCtS t* 3" 

Mooe/Lt/s of emsT/cny 

FROM SOLID WALL 




A /*. *» ** m — m . 



CCAV& 



u A Czrtmvess «*«• sol*o walO 
a solid pier acq -3-=-% *O.*<n(nK£0) CC4**e © 

3QOO 



A«O.Oa37^ 



t4oo ~ a 

A ySOLfO PICO. CO h ■ 



X-4-»0.liq** 



A* o.o^a7x-#SS§-x-^^-«»o.©aaa , 



0.3M(>^iCff^)C^?Vtf ® 



P/j£*C*Q*b' '-g--S-~» t.O CFIXJED) Ct/*Y£ @ 

A5 0.///X^~| ^ X•^-sO.20a ,, * 



-JL 



A C+O s 
,A A CO 



1. 



* O./04* 



o.ioa 



■ -<. a/ 






JCACO 



*.S9 



PIC.R 3 






Z^ WALL » -£-s ^ a o % 4> teAUTtLtyeq) cv«vZ ® 






^^-^ 8 q,ow 



/CWA4.4. 1 



o.&oaor 



57a 
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APPENDIX D 
SPACE FRAMES 



D-l* Purpose and scope* The data, details, and examples given in this appendix are to illustrate princi- 
ples, factors, and concepts in vdved in seisi^ 

not mandatory, and other equivalent methods, materials, or details complying with this manual and appli- 
cable agency guide specifications may be used. 



D-2. Design examples. 

Design 

Example Description 



D-l Concrete Ductile Moment Resisting Specs Frames. Illustrates special analyses required to 

design ductile moment resisting frames using reinforced concrete. See appendix A, design ex- 
ample A-2. 

D-2 Stssl Ductile Moment Resisting Space Frames. Illustrates special analyses required to design 

ductile moment resisting frames using structural steeL See appendix A, design example A-3. 
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APPENDIX E 
REINFORCED MASONRY 



E-1. Purpose and scop*. The data, details, and fnramphu given in this appendix are to illustrate princi- 
ples, factors, and concepts involved in seismic design of reinforced masonry buildings. Tfceee are not 
mandatory, and other equivalent methods, materials, or details complying with this manual and applicable 
agency guide specifications may be used. 

E-2. Gonoral. Design methods are similar to those for concrete. For details of masonry construction, see 
chapter 8. 

1-3. Design oxamplos. 

Design 

Example Description 

E-l Wall D* sign- Lateral Load Normal to Walt 

E-2 WallDesign^Lateral Load Parallel to Wall {Shear WaOt 

E-3 Composite Watt 

E-4 Wall Stiffnesses For cal cu latio n of wall st iffn e sses see appsodixC, design example C-4. 

E-6 Shear Wall Buildings. For design of a shear waU building ooo appendix C, design example C-l. 



L. 



) 



1-1 
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1*V4U. OBSI&N 



an 






J-t 



f 



o 




MOM6NT 
MA GRAMS 



LATERAL COAO NORMAL T O WALL 

Given: 6"lt. wt. cmu w/*se z4"o.c. 

ROOF OL b SO&/FT 
LL * too*/r*T 
ROOF *CcetfTA*/CfTYa S* 
fm */3SOF$f TA&LG 8-t 
WALL WT. r S3 */SF 7A&L6 3-/0 

ZoNe + uuom 1 i r=~=± 

IVWO « /5*/JF MIN. iWgpyw 

jetfMtc : Fp « z j: c^w 

*J.0x/.0KO.3jcS3%fi z/S.l%F GOVERNS 

• & [TO PAHAIHT 

\ CAHT. j 

KCBHTRIC MOMENT <2MI0-H6I*HT M e€c « 300*x£xl *6?.s"* 
TOTAL M * S!3<,+ G2.S*5lW* xZ' VGRT SLBM6NTS 10400** 

k*\2np+(np)t-r>p c iz(.079)+(.0?9)* -,OT$*0.3t1 

j* l-f- • 0.6996 

i» « g>W - Zk/0400 

/t . >M „ /04QO „-. 

OK 
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AXIAL LOAO « Mtb-HilSHT HOOF OL ■ J00 # * Si*X (-£+*')* 7?7 % 
4**4 WffCT//5 W COMP**SStON*{t.5*Kt6M)t0.tUZ*t6.S)*1l4 i 

CONNECTION e KOOF 0tA/*H*A6M ! . 

MACTION « /S.1*(7+Z) * /***// 
MtN. FACTION ZOO*/, 

i*A&A/*er nesiGN: f^ * eijc>*v 

& /.Ox/.Ox/. 5x0*5x53* «6|.6%P 

At •65.6«4±«/Z*/526" # 

» x ?A1 gic/5t» 

*" 57/£ 2¥k(3.*) 1 X 0.4134* 0.1/1 

3tPSt <+SOx/j OK 
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JH€A* WALL 

LATgRALLOAA l*A*4LL€L TO WALL 

QIVGN: LATERAL Lfi*tO k fia/0«—> 
4" LT.WT.CMU 
*S 6 24'O.C. 

THC CALCULATIONS fiO/Z /•/«* 
*/«//o/rr AM SIMILAR TO 
£*AH*L6 <,4> % 




FLEXUfiAL LOAD 

•ALATGAAL fiOltce To />/€* I * 1 % x tO K s oA K 

f^ ™** «' 7 rlNCMASl €d%**SHSMK 

'«• ff V 400X14 

a s *o.<*z v«A« "7;: •i.4rst<3Sx/.$$ 



L SZ" 

JOLSO 
6AQUT 



64 M*Z4 

* l.VZ*Z4 
hp*ZZx.00B4».Ol* 
k* 0.3M j*0.H4 

z 2M a txBISO*l'Z 



LJ % jk 7M*Z4 t x.$ m 4x.SI1 JTAtSS 



AXIAL LOAO 
*©a/» A.L. * 300*// m4.3$'TA/A « /!M # /WM 

WALL WT. <*/MOHTMeK • 77*£«.$xfc67*4.*7 *¥.M> 

Z145 */>/#* 

P « IZ+<f + t*43 6 *?«*/>/** 

t#4 iV/ ALLOKAMLt AXIAL STRESS 



Exaaple B-2 



1 of 2 



Parallel to Hall 



Digitized by 



Google 



TMS-Mf-10 
NAVFACP-35S 
AFM 88-3, Chop. 13 



AXIAL JT*€SS MB TO OVSMTUANM Qfi WALL l>AN*L 

M « I0,ooo *x It. Ol « tl 6,100'* 

1 4S4x^-xl44 

FLSXURAL + AXIAL * OVe&TU/lNlNG 

©AC 



/i.a. 




/WO rt.«. 0^ WALL 
MSA AA6A X 



/ 
2 
3 



2.*7t 
6.0 t 



/.M 

7.*7 



3.SSt 
26. St 

?8.ot 



c Ac* 

%*S 2Z$t 



ttzt 

3. '*"> 



fi/e* 



2 
3 



» %. 



1/27 1 



Z4f4t m I 



% 0/ 



as 

too 



n*u to 

SA.Pfi* 



700 ' 



2600 



650O 
10,000* 



U 



244*" 

SOCIO 
**QUT 

34S* 

SOCIO 
%*O0T 



VM 



17 

BX 

lit 



Ma 



Ph 



3/50 



/* 



/4070 



/fr 



*7 
P* 
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COMPOSITE WALL 

AAtCK/CMU 

TO OOMfiUTe THG CENT**, Qfi 
MJUTANC6 fiOA AXIAL LOAO 



AA/C* 
frftOUT 



A**A 



9" 



3't* /&•*<* 
t'%*W40 

SO* s So 




I«*f/.5 






* MO/M TAtbL* g.q 
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APPENDIX F 
MECHANICAL AND ELECTRICAL ELEMENTS 

M. Purpos* and scop*. The design examples in this appendix ai* to illustrate priixdplss, factors and coo* 
opts involved in seismic design. Theee are not mandatory; and other equivalent met^^ 
complying with this manual and applicable agency guide specifications may be used 

M. Design #xampl#e: 

Design 

Example Description 

F-l Pad-Mounted Transformer: Wmtntm fa 

equipment on the ground 
F-2 Pole-Mounted Transform** Illustrates the application of the provisions of paragraph 10-6 to 

the seismic analysis of flexible equipment on the ground 
F-3 Tower-Mounted Equipment: Tow e r-s up ported equipment is inveetigated for lateral seismic 

loads. The tower period is computed 
F-4 Cooling Tower in Building: Preeents analysis for a rigidly mounted cooling tower in a 

multi-story building. 
F-5 Unit Heater— Flexible Brtwe: Aaelyetoot a wdthM^ 

F-6 Unit Heater— Rigid Support Demonstrates the reduction of the lateral seismte toad by rig^ 

bracing the unit heater of Design Example F-6. 
F-7 Water Heater: Indicates how a water heater in a barracks is inveetigated for seismic toads. 

F-8 Tajik on a Building: Demonstrates the seismic analysis of a storage tank on a building. 

Emphasis is placed on the period determination. 
F-9 Water Ittser? Illustrates an approximate scheme used to determine the seismic loading on pipe 

connections. A riser in a multi-story building is treated 
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ENGINEERED 
PILL 



POINT O 
NATIVE soil 

qnogsanic silt) 
given: 




PAD MOUNTED 
TRANSFORMER 
WT. ■ IO.OKIPS 



*-%'+A.E. 
(4 TOTAL) 



CONCRETE PAD 



\N 9 /o.O KIPS 

RIGID EQUIPMENT ON THE GROUND 

zone $ seismic area and :»/.o 
required : check anchor 30lt reactions due 

to seismic loads. 
solution : 

Z m fy , Js/,0, Cy» * O.*0, fV> UO.OKIFS 

Pp • i/4 <y. o) qz/s) Co. ao;C/o) * /. s kips 

APPLIED AT CQ 



SHEAR/ BOLT a /.5/4 s 0.5S KIPS/AOCT 

allow. shear * a50 kjps/bdlt m 

:. 4-W4a.b.q.k. 

check overturning - 

E/H *0 

4e # xAf^«^x /O.O* /. OVERTURNING O.K. 

Reference! Chepter 10, paragraph 10-5a 
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tzeerZAiNtNQ £>aq 

S.OKIPS/EA.^ 



§ 



o 




iz'oiA. 
a p. voce- 
n total) • 

SOLUTION : 




G/VBN : 

WT. TRAN3FOHMEK3* 3.0 KIP3/EA. 
\NT, POLES -p— 56 Ltb/FZ/POLE 
E (POLE*) — — UG*lO*Lb//N.* 
T 3 C&ITE PEIUO&) IS UNKNOWN 
ASSUME BACH POLE ACTS A* A 
10' LONG CANTILEVER 
SEISMIC ZONE 3 *Hl&H AISK 

PINO TNG SEISMIC FOUCE 
COEFFICIENT FOIL THE WEAK 
<AX/S OP THE POLE PtLAME . 
(I.6. } N0*MALT0.TH* FAMt) 



eautPMBNT ON GHOUNO* FLBXIIbLY MOUNTED* 
CLASSIFY AS STHUGTVAS OTHEA THAN GUILBihl*. 
(PA&A. I Or 9c) } INV6ATGO PGNOULUM (FARA, iM). 

V^f Oo-i) 

3 *£ ZO « 3,350 L3/POLE 

CALCULATION OP l< i 

Jo (ONE POLS) * ,7+BR+m .7Af&>) 4 at030lN? 



T= 0.3Z 

w*iooo v- 



A = 



PL* 



3 EX, 



OIK k * 



l£Xj 3Q.<m>L/0 C '(t030) 
LP * (ZO */Z)9 

a 35+LlbS/lN. 

;. r « 0.3* y^^~ « a?d EEC, 

% 354 
F fi S V = ZZK CSIV £ J-/) 

2- =3+ (Eons s), z m/.zB(Hi<5H aisk)% 

K~Z*S (/NVSAT&Q PENGULUM), Smt.S 

, — (7i NOT KNOWN) 

C * I//S JT * O, OG7 (POPJ4ULA 3-Z) 
S£**fX I.ZS X 2.S* 0.07X ABAV « Q*Z3£W 
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given : 

MISSILE. TZACK/NG IDSVICE SITUATED 

on TRuee TowG/z : sc/smic sons v, 

ESSENTIAL FACILITY 

7j (s/te pea too) * e.osec. 



C.G, 



A * 1.5 IN 1 TYP. 
A* 1.5 IN* TYP. 




E*OTx/O a PS/ 



777777777- 

ASSUME DIAGONALS 
TAHS ONLY TENSION 



REQUIRED l 



PINO THe LATERAL SEISMIC FOfi.CE TO BE 
APF>UEP AT THE CENTER OF GRAVITY OF THE 
TRACKING /Device. CLASSIFY AS MJQiO 
EQUIPMENT ON A STRUCTURE OTHER. THAN A 
IEUILOING, (&ARA. IO-Zc), /AlVERTEO PEMOULUM 
{PAJZA. 11-3). 
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SOLUTION T 



MSM- 



Afb 

AC 
AO 
be 
fb !D 

c o 

CF 
OS 
OF 
SF 

e z 

£ hi 
FG 
FH 



FORCE 



I.OO 

6 
o 

-O.G7 
f'i.O'Z 

O 
4/.IG 
-3.02 
-0.50 
*3.0* 

O 
4 0.75 
-5.69 
f 0.30 



C/NJ 



4$ 
/46 
/€& 

/45 
11 

/G7 
/G7 
/46 

/4* 
/60 

/dO 

/46 



:***) 



/.O 
/.O 
t.5 
/.6 

/.O 

t.o 

S.S 
/,6 
-2.5 
/.0 
1.0 

/.6 



P*L 



o 

o 
o 

734.G 
*3<S.<S 

?3£.6 

O 
1*4.7 
5*9.0 
IQ.O 

o 

tOt. 6 

7C4.3 

7.* 




"777/ 

Art?7C I PI HIS ASSUMED TO 
TAKC NO BASS SMSA/Z 
ASM&MZR 6H CAMiES 
NO LOAD. 






34-0/.6 /< V/.V. 



(a") ** * a A ' 66 ' K,PS / tN - peR etoe 

■if a wa*d ^ 

Z 8% CzOA/tf 3j, I M./.5(£SSBNTtAL FACIUTV) 

k-zs (iNveareo pcmoulum), cs ■ o.ts7&AALe 4-3) 

=.a/^3x.^ c f .54- KIP* 
NOTS: MIGHT OFTOWilt WAS Ne6L€CTS0. 
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^ 



to 



3 



i 



/ SQQLI 



N6 TO\NEfZ 

GIVEN : 



V//WS*W^>M<&//A$#// 



SOLUTION 







WT. COOLING TOW&lmZaOKtPS 
TONS 6 6BIBMIC A/?£A 
CONSIDER TOWEO. Q/GIDLY 
MOUNTS O 
WT. TYP. FLOOR. « 4*00 KIPS 

ioo*/o moment resisting 

FOLAMS. J-./.0. 

REQUIRED I 

PINO THE SEISMIC OBSIQN 
FO&CE TO (bB APPLIED AT 
C.G.OF COOL/NG TOW6£ # 



CHECK /V1AS9 £AT/OS fA4#>l. /O-Se) 
Wp/Uy. FLOOA lOj+OO < O.'ZO a*. 

fv>o/^ sr/eacr. 10/zsoo < 0,10 o,k. 

GUAUFteS AS RIGID SQU//*M&NT X 
RJGlOLr A4OUNTBJ0 IM A f&UILOMQ 
iPAAA: /0-3)* 

Pp ■ ZIC^ (3-A) 

2 » ^ CzOAje 3), T s AO 
Cp » 0,30 (TA/%Le 3-^) 

AJft » ^ X AO x 0,30xtVp c 0,225frty> 
a O.ZZS vGo • 4>£ Hips 
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S7ML F*AM€ CAN M9IST um±~mm -,,~*^n—~ 

AT LEAST 4S% ofi muiLOtN9*9 s UNIT HBATEH SUPPORTED 

ibV 4-*/+' 4a S^O' PIPES 

rrsKtrat &/G/OLY ATTACHED TO 

CONCRETE SHE AG \ **-., lMr . 

WALLS 3 K*0*&0^ 




'(' /// '{' / ' / ' // '' 



C.G. 




GIVEN : 



If 



NEGLECT EFFECT* OF ROTATION OF UNIT 

HEATER . 

WT. tW/T ABATER = 550 L&& 

ivr rr/o/cAL floor = «oo k/p* 

WT. STRUCTURE = 1<bOO K/P6 

j (occupancy) a ;.o 

ZON6 & Sff'3M/C A£EA 

ff C pips ) &0»IO* K/F6//N t . 

zzguiaeo : Ft no oesign seismic forcs to 

toE APPLIED AT C.G. Of UNIT MATiRl 
SOLUTION : CHECK MASS RATIOS l(PARA. tO-Z c ) 
W/o/Wk FLOOR = 0.65/600 <£ 0.40 OK 
Wp/W STRUCT. = O.*S/<l5Q0<& 0.10 OK 

CEO,: 6*/o*4) 

INVESTIGATE AS FL6 X/ /SLY MOUNT EG 
EQUIPMENT tM OUILMKIGS 
PAHA. tO-4 

Fp * BZApCZpWp (tO-Z) 
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!) 



Z 9 */4C*OM9) f -I*i.O f Cm ^O. SO (TA*Le S-4) 
Am > WHICH RANGeS P&OMI.O TO f.0 tf 0{/*e/(O€MT 

*GPeA TO PA*A. tO '49 



///s6/</ 



o 



///</</</ 




3EZ 



T« O.fr JfiC (>*OM ANALYJ/S OF AUfLOfNG y 

xere/z to pa&a. /o*4cO)) 

Tm 0,€O 

us* fi/euxe /o-ab.'Ap s 4>*o(TAAce /o-0 

F» s */4Xl.O*4.1k O.SOW* x /JOtY/o 
* tJO * 550 s SS <# LMJ. ^ 

NOT6t A LATCAAL FO&C6 OF 3SG LAS. W/4.C 

OVZJT&6JS TH6 *+« + MM MAC* J J 
THe/t*PO&.G A/Z/> /^/AGONAL J£//*PO&TS 
A J JHOkV/st IN 04?J/GA/ m XAM/*C* P-<m 
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I- 1*1x1/4.* Us 

A*40&) s *G&tN. z 
DETAIL OF UNIT HEATER 

GIVEN t U6E DATA GIVEN IN DESIGN £X. p-B 

REQU/REO : FIND DESIGN SEISMIC FORCE 

Solution : F«ziq,K£ (3-6) 

IF A/6/OLY MOUNTEO , FA&A. /O-* 

CALCULAT/ON OF T*t FO&. M&OITY CHECK: 

APPROXIMATE ANGLE CONNECTION* JbY 
PINS. ASSUME ALL LATERAL FORCE, IS 
RESISTED E>Y £>&AC/NG ANGLES . USE 
ENERGY METHOD TO CALC. £4 . 




.J 



/,/,/,/,/. A /,/,/,/,/,/. 
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L*-vfc Ljfc 




£*? • /.*/ L A * 



[ AW 

MQUME AC-V C »0 : 7W/S AS9UM*S AU OF THS 

O/AGONAL . 

*W£/tTKA/AL« IW INTSHNIL 

M t ' 1A A *fi ^ *A 6C £ 



Aa& 



\ o.oa /.as J 



r * 



o.&i 



41 



3SO 



IS x /O* 



o.o// sec. 



C/0-/) 
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C?=l 




GIVEN : I++& Lb. WATS R. 

HEATER IN e>AR£ACKS, 
SEISM iC ZONE 4. 



&A&&ACK6 




FT. O 
TRIPOQ £>ASE 

REQJJIREP 2 INVESTIGATE THE JVATC& 
HEATER FOR. SEISMIC LOAO&, 

SOLUTION : WATER HEATER W/LL fc>£ 
CLA6S/F/SO AS &6/NG EQJUIFAAENT ON THE 
GROUNO AMD IV/LL. fc>E CONSIOEREG TO £>E 
A £/<S/0 fcOOV, SINCE FRICTION CANNOT 
£>E UeEO TO QESIBT LATC^AL 
6g/6M/C F&ACSe., Ttffi WATEfc AVEAXEfc 
MtfdT e>5 Rl&IOLY ATTACHE P TO /TS 
FOUNOATtOM . &OLT hSATSR. HEA-TER 
LEGS TO FLOOR., RBFER TO PARA. JO-S^ 

Z</.0 > If/.0,C/»s O.JO C T4A46 5-4) 

A> - /.o x /.oa e/s« 0.50 = o.vowp 
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A«s O.tOW* * 0.20x1.443 » O.l* KtfiJ 

fig O.g^AC APi?OfiCI AT C.<a- 

GHECIC FOIL QVEQTUB.NINQ ASbOUT POIHT O. 

IVH .SO 

0.*<?*x £*'< /,44S*x W/.50**/*" 

ovearuMtNQ o.k* 




PT. O 



CHECK FOR LOAD TIN LC0 
OF T&IPOO. 

ZM*. H =O*Tx'Z0.&+O.'Z<)j<64 
-l.4.4S**TAN*0 xri» 

T ~ 23^ =0.03SKtPS 

COMPASSION 



q.^f^ Hcsice, use nominal anchor. 

m f feOLTS. tfSS 3-*/s"4> A. lb. 



ALLOW t>AS6 GHJ*A2. « 
SMEAR. O.K. 3.0/< » C29 /< 
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^SNEAR WALL 
( WATER TANK- 



<0 






/T\ 



I 



<2>o' 




/ASSUMe SADDLE 

/INFINITELY 
RIGID 



5'-0' 



Ixtxk'L 
(ASSUMED TO 

TENSION) 



DETAIL OF TANK SUPPORT 
GIVEN : WT. OF TANK* WATER *IO.OK/ TRUSS 

ZONE Z SEIEM/C AREA AND I'/.O OCCUPANCY 
ASSUME ALL JO/NTS ARE P/N COLLECTIONS . 
ASSUME CROSS MEMBERS TAKE TENS /OH ONLY. 
NEGLECT kYT OF SUPPORT MEM/EE^S. 

REQUIRED : PINO THE DESIGN SEISMIC PORCE. 

SOLUTION : HYORO-QYNAM/C EFFECTS ARE NEGLBCTEO 
EVEN WHEN TANK IS PART/ALLY PULL. CALCULAT/OIV 
OF STIFFNESS OF TANK STR.UCTURe: USE SNGRGY 
MET NO TO Pino K. 




5 



= 0.<s* O.G* 



^ as* 



teas* 

■ . ^ 




&RACIN& ACTS 
IN TENSION ONLY 
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COMMUTATION OF A 



4 
# 



*•* 



F*C 



MZMMZ 



CO 



L8N3TH 



S.OO FT. 

S.OO 

7.07 



AM* 



OS4> 



K*-FT. 



+ .OK 
- /.O 



F*L/A 






zz.n 



m m 



/* 



/A\ gg,/7 ,N* x/<Z IN/FT b „ -.__ ,--2., „ 
\*l *QSQ*lO*K/IN*) & = LQOS*iO-*IN./K 

A AOOSk/O** ' 

Tor » .3* ,^57 - .3*2 y^g - ./0« SffC. 

C/o-0 

7* CectutPMeNT mmoq) * o./os > o^o* *rcc. 

JU/**oXT fSNOT WG/O (FA&A. /0-5) 
teJ/GAt AS F(.eX/AL V MOUNTSO (FA4A.tO*4) 

7CA(-*<b.F£/ttOO) tS CALCULATE & TO *6 0.$/ S£C. 

MF** TO /*A*A. JO* 4c CO 
Ta/T s OJOZ/O.St s 0.33 ja/o T< 0.5 J€C. 
F/fi/O A/* F&OM Ff6U&G /0*»£* 



//•4/?4./o-* e » \ 
(fo*At<rt.<4 /0-2/ 



IV^f 2 8 J 5 CT4AU i-0 

r*/.o 0*414* i-e; 

C/>* 0.30 (7A/%L£ 3*4) 



Fp • S/s m/.Ox 2. 31 * 0.30 *V> • 0.?6 M> 
F/**0.26m'0 « ?.OKtFS/TAUSS 
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mateo. carrying 
riser laterally 
qupporteo at 
bach floor 

4-'4(llSER STANDARO 

ASSUME A/SeiZ 
PINNED AT &ASE 
(POINT £ ) 



.A 



MOMENT RESISTING 
SPACE FRAME 




5 € GO'* GO 1 



o 

O 



GIVEN : 



/riser as shown /n multistory 
bu/loing . seismic zone 4 

ESSENTIAL FACILITY &UT THE RISER 
IS NOT RELATE TO FIRE PROTECTION 



rbquiizso: fino seismic force at bach 

LATERAL. fctGEtl SUPPORT. 



SOLUTION 



AN APPfcOX/MATC SOLUTION 

WILL fbE MAOE . 

FIRST INVESTIGATE THE ALLOW- 
ABLE SPAN FOR. +'$ (4-0 5) 
PIPE* THEN APPLV SEISMIC 
LOCOING TO RISER*. 

/, A* PIPING SYSTEM IS RIEIO 

2. IF PIPING SYSTEM IS NOT RIGID 

P/o ■ EIAp C/ofV/o J^4^4. t0.1C(S)4C+} 7 
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pipe 


4/<W0*/A4ATe 
£N© C0MO. 


MAXIMUM RI&tQ SPANS 


A.e> 


f/*E© -PINNGO 


/4-'-G* 


&c 


FIXGO -WfiO 


H'-6» 


CO 


FIXGO-FI*eQ 


/I 1 - 6* 


oe 


PtXeO-PMNGQ 


/*'- O' 






9 












HI: 4 



A 



'< 








n 




JL 



M>77// 



APPROMMATB 
CONFIGURATIONS 




PIPS SPANS APS SHORTS* THAN MAX/MUM AI6I0 

span oai/t; A Pf ?i Cp wp appucs. 

2 * 1.0 (TAMLS S-/) X « /.5 (TA3CS S-Z)} Cp* 0.3O 

Wps (\NT. OP PtP£ + CONTENTS) « (10*6 + S.fJlB/PTitfMlW 

Fp * /.Oh AS a 0,30 Wp » 0.+S Wp * 7.3 IA/FT. 



POINT 


APPHOXtMATe 

raitbUTAity 

LEM6TH (FT*} 


APPROXIMATE 
CONNECTION 
LOAO CL&*) 


A 


e.o 


37 


& 


10.0 


79 


C 


10. o 


73 


o 


n.o 


66 


e 


7.0 


51 



I) 
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APPENDIX G 
STRUCTURES OTHER THAN BUILDINGS 



•-!• PurpoM and scop*. The design examples in this appendix are to illustrate principles, factors and 
Involved in seismic design. These are not mancUtory; and other equivalent metho<U t inatoials or ^ 
i complying with this manual and applicable agency guide specifications may be used 



0-1* D— lgn .#xompl#st 
Rwmnpile Description 



G-l Elevated Tank (Braced Frame): Four-legged, diagonal braced tower. 

G-2 Vertical Tank (On Ground): Vertfcel water t^ 

G-S Horizontal Tank (On Ground): Typical horizontal tank supported on saddlee. 

Q-4 Pole-Mounted Transformer: See Appendix F, Design Example F-2. 

G-6 Tower-Mounted Equipment See Appendix F, Design Example F-3. 
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DESIGN EXAMPLE: G-l 



ELEVATED TANK (BRACED FRAME) : 

I Description of Structure . A 100,000 gallon steel water tank on top of a 
114.S foot high steel braced frame. 



Latenl Loads. 



wheTe 



V ■ ZIKCSW 

Z - 3/4 (Zone 3, Table 3-1) 

1 « 1.0 (Table 3-2) 

K ■ 2.S (Table 3-3 and para. 11-3) 

C and S are dependent on periods T and T s 



(3-1) 



0.8 sec (determined from a geotechnical investigation, para 4-3f 
1.46 sec (calcula ted on sheet 2 of 2 of this example) 
1/15 /T » 1/15 /T~4? « 0.055 (3-2) 

- 1.45/0.8 * 1.81 2 

1.2 + 0.6(T/T S ) -0.3(T/T S ) » 1.30 (3-4A) 

2.5 (0.055)= 0. 14 > 0.12 (o.k., para 11-3) 
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£L£Mr/0/V 

SLOPe OP jD/AGOMALS 

PC/9AJ6 OP SJDS tf\* 

* V* 



J '00,000 GALLON M4rt& TANK 

we/GHT of w&re/z 833* 
sreec Tamk 055 r) e>7 

ware/it tavk 9zo K =w 

A/€6tecr wr. op tomb. 

ASSUME £,/Z/fOaS CA/2.J2Y T£W/0A/ 
OULY. 

compute the pep/oq of the 
structupe to ostspmine 
coepf/c/ents c ano s 

T=0.3gfyf~ (10-/) 

W= 920* 

/f- SPP/NG CONSTANT (K/Ps//NCh) 

/PA 1.0* LATERAL LOAO /$ 
APPL/EO AT THE TANK C.G., 

WH£P£ A = LATERAL O£PL£CT/0N 
OF TANK DUE TO I* LOAO. 



Yrt£M&£/2 


LENGTH 


A2GA 


-JA 


cl'L/A 


A E> 


36. 


•"V 


*.lty 


6 


A O 


57. f 


3.0* 


*f7f 


4.30 


A C 


4-7.3' 


24.0 


+/.tft 


J. 27 


3 O 


47.6' 


14.0 


-U7S 


SCO 


c o 


28.4' 


3.0 


-.Vto 


.31 


C P 


4S.S 


3.6 


+.595 


4.6? 


C 6 


»7.7 


24.0 


t.767 


.97 


OP 


37.7 \ 


24.0 


-/.Z33 


2.58 


£ F 


IZAi 


8.0 


:}7t 


.59 


e n 


35.8\ 


4.0 


<7f8 


5.14 


EG 


Z9.1 


24.0 


*M 


.03 


FN 


29.7', 


24.0 


?787 


.77 


SN 


17.6,9 


oo 


-m 


o 










27.98 



7*= 0.38|/Wx4 
# 

* JbTdob—- - ZZ4,N 

FOP /* LOAO ON TOWS/f 
(O.S« EACH S/OE) 

Te. 0.3Zj92O*O.02e4 

= /.4S S£C 

*o.5* Awueo TO BACH 

SI OS OF TOWSR. 
FOG. /.O* ON TH6 

WHOL6 roiNe&; 



/N/K/fi 



Design Example G-l 



2 of 3 



Elevated Tank 



G-4 



Digitized by 



Google 



I 



TM 5-809-10 

NAVFAC P-355 

AFM 88-3, Chap. 13 



V* 0./34 W (SHEET. I OF I ) 
= a /34 m fZO * /Z3.3 KIPS. 



smess /A/ 


Mi&M&e&s 

VS. V't?5.3* 


^<Dj2. tO<*£> Xt£>/>i-t££> A>A/?j0^et 


A&9JO& jOX 


pte&cr coAD 
sreess 


earn lc*d 
sr&ess 




e/uir 
sr/zess 




^t£A1Ai~A 






A& 


4J3* » ma* 


+ J6.S K 


+ O.B* 


+ n. \ K 


eo7^"' 




AO 


'.,*7* 


* S&f 


+ 2.9 


f 6/.* 




AC 


H.Z83 


+ /S6.Z 


O. 


t'68.Z 


6.6 




&£> 


\-A678 


-107 


o. 


-tor 


4.6% 




CO 


r.ZlO 


- 3A5 


- 1.8 


-38.3 


4.79 




cr 


t.&S 


* 73.7 


+ 3.7 


+ 77.4 


27.1 




ce 


A757 


* 97. i 


O. 


t 17./ 


4.0S 




of 


-AZ83 


-/SS.Z 


o. 


-JS&.Z 


6.6 




£.F 


'.374 


- 46.Z 


- 2.3 


-46.6 


6.06 




£H 


+.7S8 


* 93.4\ 


* 4.7 


+ 98.1 


24. 5 




EG 


V./S6 


/• 19.2 


o. 


/ l%Z 


0.80 




PR 


'.787 


- 97.1 


0. 


-97J 


4,OS 




6N • 


'.481 


-60.1 


- 3.0 


-63.1 


— 



TO 




sm&s*<z* ou£ to s% eccentricity' 

#f r * .05* 36»* /Z3.3 * ZZTL^ 

SHEAR OKI £/t.OF 4- S/OCS » ~j~ - J.O&* 

stress in we& members =jrf&L.*(£>/je£cr ioao sr&ess) 
sreess /n columns* o v**-V*i 

.953* V 

CHECK COLUMN FORCES ANO UPLIFT 

FOR LOAD APPLIED AT 45 m " 



TO 



MAJOR AXIS OF T0W£R 






p- 



123.3a IZO 



X t,0O7*± 2? 3 KIPS 



IAI4 x3A 
CNOT£: FORCE IAI 3Dx fk~= Z07a/.4I4**93) 

GRAVITY FORCE" ON COLUMNS* ?ZO* ?4* -23QRIPS 

COLUMN QRS/6NI - Z13-230* - S 23 MPS (COMPR.) 

«— — — — — — i —————— SSESRES9HEBRSr ^ 

* 

uplift: +ziz- o.i tezo V AG rips (uplift) 

DESIGN ANCHOR ROLTS ANO FOUNDATION 
FOR 0\G RIPS UPLIFT FORCE" 

*/UF*R TO PARA . 5-3(A)4 , 3-5(J)?c , ANO 4-4c (2) 
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DESIGN EXAMPLE: G-2 



VERTICAL TANK (ON GROUND) 



Description of Structure. 

of 10 feet (R ■ 10), • height of 12 feet (hy 



Required. The period of the sloshing water, the aaxlnm vertical dis- 
placement of the water (daa x) » •»* the design seismic forces. Refer to 
Chapter 11, paragraph 11-4. 



A cylindrical water tank on grade with a radius 

12) , and a water depth of 
10 feet (h - 10). The tank is located in Seismic Zone 4, M 1.0, and T s 
is unknown, The weight of the tank is 20 kips. 
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«-/o' 




*6fiG* TO FtCUteS It- 1 
ANO //•* FO* Jt/JM/C 
fiOACe OtSTAt&UTtON 



ft 



GCNC/tAL 



Z 8 

I * 

K » 

C « 

J s 

•< « 



l.O> MJMtC ZONS 4 (TAAL9 $-/) 
I.O (7A&L§ 3-2) 
e.O (TAAL6 3*3 ANO />A*A./t-4) 
I/ISW * °-l* (3-2) 

MAXIMUM HAtue (Tj NOT KNOWN) 
h/Jt */O.O//0.O ■ 1.0 

W(mnR) t" r C/o)«f/o)fo.OM4) » /*fr* 

M^ f*00/r; 3 O (NO MOOfi) 
W W (TANK WALLS)* ?0« 
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R/GtQ &OJDV fORCes [fAAA. //- 4a (tj] 
V*t « ZIKCS (W, + W w +Wj) (It-t) 

CS *OJ4 (T4JU.C 4-3, T < 0.3 J*C) 
Z1KCS* /xix Zx 0./4 • o.ea 
W? » 0. 54 W (TAMLS It -J) 

Vm * o.ga (o+zo+to*) s 3S.3* 

h x s 0.36h (TAALe It -Z) 

• 0.36* /O s 3.&PT. 

h z ' t 0.76/> CTAM.6 tt»2) 

« 0.76 a/O • 7.d^T. 

M n (TANK SHBLL) * Z/KCJ^V+W*^ +flr x fc x ] (#-«) 

AttCftltO'V A4JVF)* O.Cdfof «o(-^-)f /0&(7.5)] 

ft 2G5 *"**' 
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SLOJHtN* WATVt gggCg \PA*A. Ih4 m C*)] 

/•e*/OD, T « k T fh (//-4) 

*?•• o-*4 (TA6L&U-3) 

c « '//* ^T58 « 0.04/ 

J « AS (MAXIMUM YALU6) 

ZIKGJ* txtxZxO.041 x /.§ SO./35 

Mfe • 0.«*V (TABLeit-l) 

■ 0.41*11* x 84.3* 

V JL t 0.tZ3xS4.3 » 7Q.4* 



fc c c 0.6OA « O.GOx/O s 6,0*7. 
#>^ « O. 74fc « ©.7* */0 • 7.**7. 

M* (TANK JMCO ■ »*« W c * c 

* O./t 3 x 44.3x6.0 

Afo, (A4?£0*V AATe) « O.IZ3KB4.3 x 7.4 

* 8/. «!*-"■ 



(T4A16 //•?.) 



Design Example G-2 



4 of 5 



Vertical Tank on Ground 



Digitized by 



Googleo-t 



TM 5-809-10 
NAVFACP-355 
AFM 88-3, Chap. 18 



HetGHT OP SLOSHING WA r£* 



8 [ F0j&M) l ;o -° CKi '* oM TA/U * "-*> 

5 U2 PT ' ( L * JS THAN hf-h * ZfTy OK) 
TOTAL DESIGN FOItCBS [>4*4. //• 4U(3)] 

V™L * ty& * % (US) 

= >l(3S.3)g»(/o.«)' « 56.5* 

POHTANKSH5LU * \]/4<>* + Ot.t l « t56"+ T 
^0* A* 401V A4 J* t \J2G5' * d/.<? x » 277 *'* r 
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DESIGN EXAMPLE: G-3 



HORIZONTAL TANK (ON GROUND) : 

Description of Structure. A 20,000 gallon steel tank in concrete 
saddles on a concrete slab on grade. Seismic Zone 2, I » 1.0, 
T s ■ 2.5 sec. 

Lateral Loads ; 

V - ZIKCSW 

where Z - 3/8, I ■ 1.0, K « 2.0, T s ■ 2.5, assume T<0.3 sec. 

CS - 0.133 (Section 4-3, Table 4-3) 

W ■ Weight of tank plus contents. 

V ■ 3/8 (1.0) (2.0) (0.133) W 
- 0.10 W 
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YVHKCSV* •***!*: 



cue ro,ooous>. &*.3< 



sikap pesiavx 



&a&3CH» purpose or" this BXAnaneAssBgus^TBeiesKisrmu 
israr Lav&L wajuo jlwgi&ct fmi&HT~or- tajlx. At&aa&mMSX 

3TK&33 ~**ffi*> * -+ t 720 * UJ STRAf* 



SA&&L& Q&3VGAJ 

F-WLJt&WAokdkMejjr AssuM* YHeLaABuuTH&me/L mo A*. 
APruea at l&vbz. *e>" 

TZOMG-AJY-mrH LOAD APPUe-D AT L.eV*L & 

AA * iOfOOO x 2.S • BS,000 ** DBSKhAJ JZS-rJL/Pr TO 

a&sisr this e>&JLrotjj& jutoMejjY vj Acco&QAJJce mrH.s?Gaj- 
gajzo p&oceoujze-. 



i 



YOTAJL O.T.A4. » ZO t OOO x 3.3 • 170,000"* 
&A3& iZ'-C" xS^'-O" A-/2.&X.Z-4 i »jOO° 



eA. 3AODLG- « SSSCT* Z » 



//,r<jo' 



&AS& W&tGtHT *2ZS m 300 « &7, SOO* 

+200.000 



2.79 9 2&O*70TAL W&I&HT 

J 9 . _ 279,2<zo _ ~-~ „~ M _ 170.000 .. „-. 
A "SOO 93037 -g 5fe— m27/ 

A3'- 6" 



S^Luiiiii 



Ttll.0 

6$f t 37*/a' 
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+27/. O , 
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zs'-o 




QV£*Tt/AN*N& ON SUPPORT 15 NSGLI Ct / SLA AH6 // 
NOT 'NCl(/D£D iM TS//S CALCULATION 

3 AD PIC pg«S/6A/ 

A/ fc <.Md A&Cur AAtC OP TANK » /O,00©A /. ZS * /2jSQQ'* 

ABOUT PQCT/4/& s/OjOOOX «.7**ss 27 5 , OO l * 
D*J/6N #C/NP. TO Rttisr r//£S£ 6CNOt*ib MOA4£A/rt *# 
ACCQfi>PANc& \At*r# STANDARD PrtOC&OUM 



3ASC £>£Jt*N 

D£S/<1AJ &CtNP. /N P'OOT/A/d /A/ ACCORDANCE. W 
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